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B A C K G R O U N D  INFORMATION 

NASA r e s e a r c h  g r a n t  N G L  05-007-004 was awarded t o  t h e  

I n s t i t u t e  o f  Geophys i c s  and P l a n e t a r y  P h y s i c s  o f  t h e  U n i v e r -  

s i t y  o f  C a l i f o r n i a ,  Los A n g e l e s ,  on March 1 ,  1 9 6 2 ,  i n  s u p p o r t  

o f  a  s p a c e  i n s t r u m e n t  deve lopmen t  p rogram.  The p a r t i c i p a t i o n  

o f  g r a d u a t e  s t u d e n t s  a t  t h e  U n i v e r s i t y  i s  a  b a s i c  p a r t  of t h i s  

r e s e a r c h  e f f o r t .  

The g r a n t  was renewed on J u l y  1 ,  1 9 6 3 ,  w i t h  p r o v i s i o n  f o r  

a  t h r e e - y e a r  s t e p  f u n d i n g  a r r a n g e m e n t .  A d d i t i o n a l  s u p p l e m e n t s  

have been p r o v i d e d  i n  J u l y  1 9 5 4 ,  J u l y  1 9 6 5 ,  O c t o b e r  1 9 6 6 ,  Octo-  

b e r  1 9 6 7 ,  O c t o b e r  1968 ,  O c t o b e r  1969 ,  and O c t o b e r  1970 .  

The i n v e s t i g a t o r s  whose work i s  s u p p o r t e d  u n d e r  t h i s  g r a n t ,  

i n  t h e  c o u r s e  o f  t h i s  work ,  have  p a r t i c i p a t e d  o r  a r e  p a r t i c i p a t i n g  

i n  t h e  M a r i n e r  2 ,  M a r i n e r  4 ,  M a r i n e r  5  p r o j e c t s ,  t h e  OY1-2 a n d  

OV1-12 s a t e l l i t e  p r o j e c t s ,  bo th  USAF, t h e  ATS 1, t h e  O G O  5 and 

O G O  6 s a t e l l i t e  p r o j e c t s  and t h e  A p o l l o  1 5  l u n a r  s u b s a t e l l i t e  

p r o j e c t .  They a r e  p a r t i c i p a t i n g  i n  p r e p a r a t i o n s  f o r  f l i g h t  

e x p e r i m e n t s  f o r  t h e  ATS's F and G ,  P i o n e e r s  ( J u p i t e r )  F and G ,  

and A p o l l o  1 6 .  F a b r i c a t i o n  of  t h e  f l i g h t  ha rdware  f o r  t h e s e  

e x p e r i m e n t s  i s  f unded  unde r  s e p a r a t e  c o n t r a c t s .  

D u r i n g  t h e  r e p o r t i n g  p e r i o d  t h r e e  new p r o p o s a l s  were  p r e -  

p a r e d  by t h e  i n v e s t i g a t o r s .  The ma jo r  p o r t i o n  o f  t h e  p r o p o s a l  

work was s u p p o r t e d  u n d e r  t h i s  g r a n t .  



P r o g r e s s  Dur ing  t h e  R e p o r t i n g  P e r i o d  

A .  C H A R G E D  PARTICLE RESEARCH 

1 .  E l e c t r o n  S p e c t r o m e t e r  f o r  060 -5 .  ( P I  s u p p o r t e d  i n  p a r t  

w i t h  f u n d s  f rom t h i s  g r a n t . )  OGO-5 o p e r a t i o n s  were  t e r m i n a t e d  i n  

O c t o b e r ,  1971 .  C o n t i n u i n g  s t u d i e s  a r e  b e i n g  made o f  v a r i o u s  

phenomena i n  c o o p e r a t i o n  w i t h  o t h e r  e x p e r i m e n t e r s  on t h i s  s p a c e c r a f t .  

Work c o m p l e t e d  d u r i n g  t h e  r e p o r t i n g  p e r i o d  i n c i u d e s  a  p a p e r  on 

s u b s t o r m  p a r t i c l e  o b s e r v a t i o n s  which c o n s t i t u t e s  one o f  a  s e r i e s  

b e i n g  s u b m i t t e d  s i m u l t a n e o u s l y  f o r  p u b l i c a t i o n .  T h i s  s e r i e s  p r e -  

s e n t s  t h e  o b s e r v a t i o n s  and i n t e r p r e t a t i o n s  o f  h a l f  a  dozen 060-5  

e x p e r i m e n t e r s  on a  p a r t i c u l a r  p a i r  o f  s u b s t o r m s .  Al l  of  t h e  o b s e r -  

v a t i o n s  a r e  i n t e r p r e t e d  w i t h i n  t h e  f ramework o f  a  s u b s t o r m  model .  

A l so  comple t ed  i n  t h e  r e p o r t i n g  p e r i o d  i s  a  s t u d y  o f  t h e  

d i s t r i b u t i o n  i n  s p a c e  and t i m e  o f  e l e c t r o n s  750 kev i n  t h e  geo-  

m a g n e t i c  t a i l .  A t h e o r e t i c a l  s t u d y  o f  e l e c t r o n  e n e r g i z a t i o n  i n  

t h e  t a i l  i s  now b e i n g  u n d e r t a k e n ,  s t i m u l a t e d  by t h e  r e s u l t s  o f  

t h e  t h e o r e t i c a l  s t u d y .  

2 .  E l e c t r o n  S p e c t r o m e t e r  f o r  OGO-6. ( P I  s u p p o r t e d  i n  p a r t  

w i t h  f u n d s  f rom t h i s  g r a n t . )  Dur ing  t h e  r e p o r t i n g  p e r i o d  a  s t u d y  o f  

t h e  c o r r e l a t i o n  between c h o r u s  o b s e r v a t i o n s  by R . E .  H o l z e r  and o u r  

e n e r g e t i c  p r e c i p i t a t i n g  e l e c t r o n s  was c o m p l e t e d .  T h e s e  c o r r e l a t i o n s  

g i v e  s t r o n g  s u p p o r t  t o  t h e  K e n n e l - P e t s h e k  t h e o r y  o f  s t r o n g  p r e -  

c i p i t a t i o n  by showing t h a t  bo th  t h e  waves and p a r t i c l e s  p r e d i c t e d  

by t h e  t h e o r y  a r e  p r e s e n t  a t  t h e  same t i m e .  A d d i t i o n a l  s t u d i e s  

w i t h  060-6  d a t a  i n c l u d e  t h e  d e t a i l e d  s t u d y  o f  i n d i v i d u a l  s t r o n g  

p r e c i p i t a t i o n  e v e n t s ,  and a  s t u d y  of  t h e  r a t e  o f  decay  o f  e l e c t r o n s  

a s  a  f u n c t i o n  o f  L d u r i n g  g e o m a g n e t i c a l l y  q u i e t  c o n d i t i o n s .  



Radia l  D i f f u s i o n  S t u d i e s .  The s t u d y  o f  high ene rgy  i n n e r  

zone p r o t o n s  which p r e d i c t s  t h e  e q u i l i b r i u m  d i s t r i b u t i o n  under  t h e  

mechanisms of r a d i a l  d i f f u s i o n ,  n e u t r o n  decay ,  and a t m o s p h e r i c  

c o l l i s i o n  l o s s  was completed d u r i n g  t h e  r e p o r t i n g  p e r i o d  and i s  

now i n  p r e s s .  

The s t u d y  of i n n e r  zone e l e c t r o n  p o p u l a t i o n  by inward r a d i a l  

d i f f u s i o n  d u r i n g  a  geomagnet ic  s torm has been comple ted ,  and t h e  

f i n i s h e d  d r a f t  i s  be ing  c i r c u l a t e d  f o r  c r i t i c i s m  t o  s e v e r a l  s c i -  

e n t i s t s  whose d a t a  have been used .  

Underway now i s  an a t t e m p t  t o  add t h e  e f f e c t  of t h e  s e c u l a r  

change of t h e  e a r t h ' s  magne t i c  f i e l d  t o  t h o s e  a l r e a d y  c o n s i d e r e d  

i n  t h e  h igh-ene rgy  p ro ton  d i s t r i b u t i o n  problem i n  o r d e r  t o  f i n d  

i f  t h e  agreement  between t h e  t h e o r y  and t h e  o b s e r v a t i o n s  can be 

improved.  



B. ' MAGNETIC FIELDS RESEARCH 

1 .  I n t r o d u c t i o n .  - The r e s e a r c h  a c t i v i t i e s  d i s c u s s e d  i n  t h i s  

s e c t i o n  a r e  d i r e c t e d  p r i m a r i l y  toward t h e  s t u d y  of  magnetohydro- 
I 
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dynamic phenomena i n  t h e  t enuous  plasma above t h e  i o n o s p h e r e  and 

i n  i n t e r p l a n e t a r y  s p a c e .  A s econdary  goal  i s  t h e  d i r e c t  measure-  

ment of  t h e  magnet ic  f i e l d s  of  p l a n e t a r y  b o d i e s .  The work i n c l u d e s  

t h e  development  of  t h e  i n s t r u m e n t s  w i t h  which t o  o b t a i n  such measure-  

ments and i n  some c a s e s  t h e  r e d u c t i o n  and a n a l y s i s  of d a t a  o b t a i n e d  

w i t h  t h e s e  i n s t r u m e n t s .  

2 .  I n s t r u m e n t  Development. During t h e  r e p o r t i n g  p e r i o d  

magnetometer  development  s t u d i e s ,  p a r t i c u l a r l y  s t u d i e s  of t e c h -  

n i q u e s  of  f a b r i c a t i o n  of  r i n g  c o r e  s e n s o r s ,  were c o n t i n u e d .  

3 .  Exper imenta l  Studies--ATS 1 .  The U C L A  magnetometer  on 

t h e  synchronous  s a t e l l i t e  ATS 1  has o p e r a t e d  n e a r l y  c o n t i n u o u s l y  

s i n c e  l aunch  i n  December 1 9 6 6 ,  making v e c t o r  measurements of  t h e  

e a r t h ' s  magne t i c  f i e l d .  The h igh  t ime  r e s o l u t i o n  and high s e n -  

s i t i v i t y  of  t h e  magnetometer a s  wel l  a s  t h e  f i x e d  l o c a t i o n  of t h e  

s a t e 1  l i  t e  have made i t  p o s s i b l e  t o  c a r r y  o u t  a number of  unique  

s t u d i e s .  

Our ATS-1 work d u r i n g  t h e  r e p o r t i n g  p e r i o d  i n c l u d e d  s t u d i e s  

of  meri d i o n a l  f i e 1  d o s c i  11 a t i  ons d e t e c t e d  d u r i n g  geomagnet ic  s t o r m s ,  

f i e l d  a l i g n e d  c u r r e n t s ,  and s a t e l l i t e - s u r f a c e  c o r r e l a t i o n s  and 

mu1 t i p l e  s a t e l l i t e  c o r r e l a t i o n s .  

A d e t a i l e d  r e p o r t  of  o u r  ATS-1 p r o j e c t  i s  i n c l u d e d  a s  

Appendix A .  



- 4 .  T h e o r e t i c a l  S t u d i e s .  

a )  S o l a r  Wind I n t e r a c t i o n s  wi th  t h e  I n t e r s t e l l a r  Medium. 

We have proposed  t h a t  one e f f e c t  of t h e  i o n i z a t i o n  of  i n t e r -  

s t e l l a r  n e u t r a l s  i n  t h e  s o l a r  wind i s  an unwinding of  t h e  s p i r a l -  

l e d  i n t e r p l a n e t a r y  f i e l d .  T h i s  e f f e c t  i s  caused  by a  t r a n s f e r  of  

a n g u l a r  momentum from t h e  e l e c t r o m a g n e t i c  f i e l d  of  t h e  s o l a r  wind 

t o  t h e  i n t e r s t e l  l a r  p a r t i c l e s  a s  t h e s e  p a r t i c l e s  become i o n i z e d .  

O u r  p r e l  imi nary  c a l  cu1 a t i  ons on t h i s  p r o c e s s  i n d i c a t e  t h a t  t h e  

i n t e r p l a n e t a r y  magne t i c  f i e l d  i s  p r i m a r i l y  r a d i a l  p a s t  t h e  o r b i t  

o f  J u p i t e r .  T h i s  p o s s i b i l i t y  can be r e a d i l y  examined w i t h  d i r e c t  

o b s e r v a t i o n s  from t h e  magnetometers  on board P i o n e e r s  F and G .  

However, some i n d i r e c t  e v i d e n c e  f o r  i t  a l r e a d y  e x i s t s .  F i r s t ,  

d e v i a t i o n s  from s p i r a l  a n g l e  toward val  ues smal l e r  t h a n  p r e d i c t e d  

were obse rved  on t h e  Mar iner  4 f l i g h t  t o  Mars. In a d d i t i o n ,  t h e  

cosmic r ay  modula t ion  r e g i o n  ( a p p r o x i m a t e l y  3 -5  A U )  s u g g e s t s  a  

s i g n i f i c a n t  change i n  t h e  magne t i c  p r o p e r t i e s  of  t h e  s o l a r  wind. 

During t h e  r e p o r t i n g  p e r i o d ,  a  p r e l i m i n a r y  program f o r  

a n a l y z i n g  t h e  t r a n s f e r  o f  a n g u l a r  momentum was w r i t t e n .  I t  was 

t h e n  a p p l i e d  t o  t h e  s i m p l e  d e n s i t y  models proposed  t o  e x p l a i n  t h e  

Lyman-alpha o b s e r v a t i o n s  of O G O  5 .  

b )  S o l a r  Wind I n t e r a c t i o n  wi th  Venus. - In t h i s  s t u d y ,  

t h e  i n t e r a c t i o n  of t h e  s o l a r  wind wi th  Venus i s  a s  an e l e c t r o -  

magne t i c  c o u p l i n g  w i t h  t h e  lower  i o n o s p h e r e  and an a s s o c i a t e d  

mass l o a d i n g  of t h e  f low i n  t h e  e x o s p h e r e .  Such an i n t e r a c t i o n  

i s  c o n s i s t e n t  w i th  t h e  p r e s s u r e  b a l a n c e  r e q u i r e m e n t s  a t  t h e  

anemopause. I t  i s  a l s o  c o m p a t i b l e  wi th  v a r i o u s  models of t h e  
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a t m o s p h e r i c  e v o l u t i o n  of  Venus because  t h e  n e t  e f f e c t  of  t h e  mass 

t r a n s f e r  i s  n e t  l o s s  of p l a n e t a r y  g a s .  Through a  t h e o r e t i c a l  

r e l a t i o n s h i p ,  t h e  plasma mass d e n s i t y  obse rved  by Mar iner  5 can 

be used a s  a  c o n s t r a i n t  upon e x o s p h e r i c  n e u t r a l  models .  Helium, 

i n  an e q u i l i b r i u m  between s o l a r  wind l o s s  and r a d i o g e n i c  produc-  

t i o n ,  i s  proposed a s  t h e  dominant e x o s p h e r i c  g a s .  The p o s s i b i l i t y  

of  d e t e c t i n g  g a s e s  l o s t  from t h e  p l a n e t  i n  t h e  s o l a r  wind was 

e x p l o r e d  d u r i n g  t h e  r e p o r t i n g  p e r i o d .  In a d d i t i o n ,  t h e  e f f e c t  of 

s o l a r  wind induced l o s s  upon a t m o s p h e r i c  e v o l u t i o n  was i n v e s t i -  

g a t e d .  P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  a t m o s p h e r i c  he1 ium a s  

~ e '  can be d e t e c t e d  downstream from t h e  p l a n e t  and t h a t  s o l a r  

wind induced l o s s  from Venus i s  no t  an i m p o r t a n t  p r o c e s s  u n l e s s  

t h e  s o l a r  wind mass f l u x  was s e v e r a l  o r d e r s  of  magnitude g r e a t e r  

i n  t h e  g e o l o g i c a l  p a s t .  

c )  S o l a r  Wind Model S t u d i e s .  During t h e  r e p o r t i n g  p e r i o d  

we c o n t i n u e d  work o n  models of t h e  s o l a r  wind which i n c l u d e  mag- 

n e t i c  and r o t a t i o n a l  e f f e c t s .  Using a  f i r s t  o r d e r  expans ion  of 

t h e  magnetohydrodynamic e q u a t i o n s  abou t  t h e  n o n - r o t a t i n g  P a r k e r  

s o l u t i o n ,  we developed a p p r o x i m a t i o n s  t h a t  reduced  t h e  machine 

t ime r e q u i r e d  t o  run t h e  problem. R e s u l t s  t o  d a t e  i n d i c a t e  a  

l a t i t u d i n a l  f low v e l o c i t y  and a s s o c i a t e d  l a t i t u d i n a l  component 

of t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  which has n o t  been c o n s i d e r e d  

i n  e a r l i e r  models of t h e  s o l a r  wind.  

C .  PROPOSALS 

During t h e  r e p o r t i n g  p e r i o d  t h r e e  new p r o p o s a l s  were produced 

by t h e  group s u p p o r t e d  under  t h i s  g r a n t .  The f i r s t  p roposa l  was 
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f o r  a  s t u d y  of t h e  h e l i o g r a p h i c  l a t i t u d e  dependence of t h e  i n t e r -  

p l a n e t a r y  magne t i c  f i e l d  us ing  s i m u l t a n e o u s  measurements from 

s e v e r a l  s a t e l l i t e s  and s p a c e  p r o b e s .  The second was f o r  t h e  

qua1 i f i c a t i o n  t e s t i n g  of  t h e  Apol lo  1 5  l u n a r  s u b s a t e l l i t e  mag- 

n e t o m e t e r  i n s t r u m e n t s .  The l a s t  was f o r  a  magne t i c  f i e l d  e x p e r i -  

ment f o r  t h e  Grand Tour Miss ions  t o  t h e  Oute r  P l a n e t s .  

He have been s e l e c t e d  f o r  t h e  d e f i n i t i o n  phase of  t h e  Grand 

Tour m i s s i o n  and have been funded t o  c a r r y  o u t  t h e  magne t i c  

f i e 1  ds i n v e s t i g a t i o n  s t u d y .  

D .  ASILOMAR "SOLAR WIND CONFERENCE" 

During t h e  r e p o r t i n g  p e r i o d  some of  t h e  i n v e s t i g a t o r s  

p a r t i c i p a t e d  i n  t h e  o r g a n i z a t i o n  and o p e r a t i o n  of t h e  Asi lomar  

" S o l a r  Wind Conference"  sponsored  by t h e  U n i v e r s i t y  o f  C a l i f o r n i a  

( B e r k e l e y  and Los A n g e l e s )  and t h e  N A S A  Ames Research C e n t e r .  

T h i s  c o n f e r e n c e  work was s u p p o r t e d  i n  p a r t  by funds  from t h i s  

g r a n t .  
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E. STUDENT PARTICIPATION 

A b a s i c  pu rpose  of o u r  r e s e a r c h  i s  t o  make i t  p o s s i b l e  f o r  

s t u d e n t s  t o  p a r t i c i p a t e  i n  s c i e n t i f i c  e x p e r i m e n t s  w i t h i n  t h e  

r a p i d l y  d e v e l o p i n g  f i e l d  of s p a c e  s c i e n c e .  The f o l l o w i n g  g radu-  

a t e  s t u d e n t s  have p a r t i c i p a t e d  i n  ou r  programs d u r i n g  t h e  p e r i o d  

covered  by t h i s  r e p o r t .  

1 .  C a r l e n e  A r t h u r ,  Department  of  P l a n e t a r y  and Space S c i e n c e ,  

i s  s t u d y i n g  t h e  p h y s i c s  of t h e  magnetosphere .  

2 .  Joseph B a r f i e l d ,  Department  of P l a n e t a r y  and Space S c i e n c e ,  

i s  s t u d y i n g  t h e  p h y s i c s  of t h e  magnetosphere  and t h e  i n t e r p l a n e -  

t a r y  medium. 

3 .  Mac C .  Chapman, Department  of P la .ne ta ry  and Space S c i e n c e ,  

i s  working on t h e  s t r o n g  p r e c f p i t a t i o n  d a t a  o b t a i n e d  from t h e  

e l e c t r o n  s p e c t r o m e t e r  on OGO-6. 

4 .  Donald C h i l d e r s ,  Department  of P h y s i c s ,  i s  s t u d y i n g  

t h e  p h y s i c s  of  t h e  magnetosphere .  He i s  working w i t h  d a t a  from 

060-5 and ATS-1. 

5 .  Bryan Horning ,  Department  of P l a n e t a r y  and Space S c i e n c e ,  

i s  s t u d y i n g  t h e  p h y s i c s  of t h e  magnetosphere .  

6 .  Lawrence S h a r p ,  Department  of P I  a n e t a r y  and Space S c i e n c e ,  

i s  c o n c e n t r a t i n g  on t h e  development  of  s p a c e c r a f t  magnetometers .  

7 .  A l b e r t  Tomass ian ,  Department  of P l a n e t a r y  and Space S c i e n c e ,  

i s  s t u d y i n g  t h e  t r a p p e d  r a d i a t i o n  i n  t h e  e a r t h ' s  magne tosphere .  

During t h e  r e p o r t i n g  p e r i o d  Mr. Tomassian comple ted  t h e  r e q u i r e -  

ments f o r  t h e  P h . D .  i n  P l a n e t a r y  and Space P h y s i c s .  His d i s s e r -  

t a t i o n  was a  s t u d y  of r a d i a l  d i f f u s i o n  a s  a  t r a n s p o r t  mechanism 



f o r  t h e  e l e c t r o n s  of t h e  i n n e r  zone.  

8. The work of Ray Walker ,  Department  of P l a n e t a r y  and 

Space S c i e n c e ,  i n v o l v e s  t h e  s t u d y  of e l e c t r o n s  i n  t h e  magneto- 

t a i l ,  u s i n g  d a t a  from t h e  e l e c t r o n  s p e c t r o m e t e r  on 060-5 .  

9 .  C . R .  Winye, J r . ,  Department  of P l a n e t a r y  and Space 

S c i e n c e ,  i s  d e v e l o p i n g  models of t h e  s o l a r  expans ion  which i n -  

c l u d e  t h e  e f f e c t s  of e l e c t r o m a g n e t i c  f o r c e s  and s o l a r  r o t a t i o n .  

During t h e  r e p o r t i n g  p e r i o d  Mr. Winge comple ted  t h e  r e q u i r e m e n t s  

f o r  t h e  P h . D .  i n  P l a n e t a r y  and Space P h y s i c s .  His d i s s e r t a t i o n  

i s  e n t i t l e d  "La t i tude  E f f e c t s  i n  t h e  S o l a r  Wind". 

1 0 .  Edwin W i n t e r ,  Department  of P l a n e t a r y  and Space S c i e n c e ,  

i s  s t u d y i n g  t h e  i n t e r a c t i o n  of t h e  s o l a r  wind w i t h  p l a n e t a r y  and 

cometary  bod ies  and t h e  t e r m i n a t i o n  of t h e  s o l a r  wind. 

Al l  of t h e  r e g i s t e r e d  g r a d u a t e  s t u d e n t s  whose s u p p o r t  i s  

p rov ided  by t h e s e  programs a r e  employed a s  r e s e a r c h  a s s i s t a n t s  

i n  c l a s s i f i c a t i o n s  normal ly  open t o  g r a d u a t e  s t u d e n t s  under  long-  

e s t a b l i s h e d  U C L A  r e g u l a t i o n s .  T h e i r  r a t e s  of pay a r e  e s t a b l i s h e d  

by t h e  Regents  of t h e  U n i v e r s i t y .  A c o n s i d e r a b l e  e f f o r t  i s  made 

t o  a s s i g n  r e s e a r c h  t a s k s  which a r e  of s p e c i a l  i n t e r e s t  t o  t h e  

s t u d e n t ,  b u t  t h e  t a s k s  themse lves  a r e  n o t  n e c e s s a r i l y  r e l a t e d  

d i r e c t l y  or i n d i r e c t l y  t o  any d i s s e r t a t i o n  r e s e a r c h  t h a t  t h e  

s t u d e n t  may e v e n t u a l l y  pe r fo rm.  
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F .  PUBLICATIONS A N D  REPORTS 
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A b s t r a c t s  o f  p a p e r s  a n d  t a l k s  c o n c e r n f n g  r e s u l t s  o f  

t h e  r e s e a r c h  p e r f o r m e d ,  w h o l l y  o r  i n  p a r t ,  u n d e r  t h i s  

g r a n t  a r e  i n c l u d e d  i n  t h i s  s e c t i o n .  T h e s e  a b s t r a c t s  

p e r t a i n  t o  p a p e r s  c o m p l e t e d  d u r i n g  t h e  r e p o r t i n g  p e r i o d  

a n d  t o  t a l k s  p r e p a r e d  d u r i n g  t h i s  p e r i o d .  



S a t e l l i t e  O b s e r v a t i o n s  of Band-Limited M i c r o p u l s a t i o n s  
d u r i n g  a  Magnetospher ic  Substorm 

R . L .  McPherron and P . J .  Coleman, J r .  
Department of P l a n e t a r y  and Space S c i e n c e  and 
I n s t i t u t e  of Geophys ics  and P I  a n e t a r y  P h y s i c s  
U n i v e r s i t y  of C a l i f o r n i a ,  Los Angeles  9 0 0 2 4  

Band l  imi t e d  mi c r o p u l s a t i  ons have been observed  i n  space  

by t h e  U C L A  f l u x g a t e  magnetometer  on O G O  5 .  Throughout  t h e  

e v e n t  t h e  s a t e l l i t e  was inbound on t h e  dawn mer id ian  between 

7 and 5 R E  j u s t  below t h e  magnet ic  e q u a t o r i a l  p l a n e .  These p u l -  

s a t i o n s  were q u a s i - s i n u s o i d a l ,  w i th  p e r i o d  20 s e c  and rms am- 

p l i t u d e  o f  0.3-y. T h e i r  a v e r a g e  p o l a r i z a t i o n  was t r a n s v e r s e  t o  

t h e  main magnet ic  f i e l d ,  w i t h  t h e  major  a x i s  a z i ~ u t h a l  i n  t h e  

e q u a t o r i a l  p l a n e .  The ave rage  e l l i p t i c i t y  was 0 . 3  and t h e  p r e -  

dominant  s e n s e  of r o t a t i o n  was r i g h t - h a n d e d  w i t h  r e s p e c t  t o  t h e  

main magne t i c  f i e l d .  I n s t a n t a n e o u s l y  t h e s e  p a r a m e t e r s  were 

q u i t e  v a r i a b l e ,  w i t h  t h e  p u l s a t i o n s  o c c u r r i n g  i n  b u r s t s  p ro -  

p a g a t i n g  a t  v a r i o u s  a n g l e s  t o  t h e  f i e l d .  During t h e  p u l s a t i o n  

e v e n t  t h e  main f i e l d  was e s s e n t i a l l y  d i p o l a r ;  however,  t h e  waves 

were- f i r s t  observed  j u s t  i n s i d e  a  s h a r p  t r a n s i t i o n  frorn a  r e g i o n  

i n  which t h e  f i e l d  magnitude had been c o n s t a n t  f o r  s e v e r a l  e a r t h  

r a d i i .  No modula t ion  of t r a p p e d  e l e c t r o n s  ( E > 5 0  kev)  by t h e  

p u l s a t i o n s  g r e a t e r  than  4 %  was observed  on t h e  same s a t e l l i t e ;  

however,  w h i s t l e r  chorus  d i d  a p p e a r  t o  c o n s i s t  of q u a s i p e r i o d i c  

b u r s t s .  Simul t aneous  magnet ic  f i e l d  o b s e r v a t i o n s  i n  t h e  a u r o r a l  

zone n e a r  t h e  s u b s a t e l l i t e  p o i n t  showed t h a t  t h e  p u l s a t i o n s  were 

p r e s e n t  t h e r e  wi th  comparable  p e r i o d  and a m p l i t u d e .  Fur thermore  

t h e  ground d a t a  r e v e a l  t h a t  t h e  e v e n t  o c c u r r e d  i n  t h e  l a s t  phase 



1 7  

of a  n e g a t i v e  bay ,  i . e . ,  d u r i n g  t h e  r e c o v e r y  phase of a  magneto- 

s p h e r i c  subs to rm.  The c h a r a c t e r i s t i c s  of t h e  p u l s a t i o n s  observed  

i n  s p a c e  a r e  s i m i l a r  t o  t h e  c h a r a c t e r i s t i c s  of Pi 1  mic ropu l -  

s a t i o n s  obse rved  on t h e  ground d u r i n g  subs to rms  and l e a d  t o  

i d e n t i f i c a t i o n  of t h e s e  a s  t h e  same phenomenon. However, a  cop-  

p a r i s o n  of t h e  c h a r a c t e r i s t i c s  wi th  t h e  p r e d i c t i c n s  of a r e c ~ n t  

t h e o r e t i c a l  model p u r p o r t i n g  t o  e x p l a i n  t h e  ground o b s e r v a t i o n s  

f i n d s  t h e  model s e r i o u s l y  d e f i c i e n t .  

J .  Geophys. R e s . ,  76 ( 1 3 ) ,  3 0 1 0 ,  1 9 7 1 .  - - 



E f f e c t s  of I n t e r s t e l l a r  P a r t i c l e s  upon t h e  
I n t e r p l a n e t a r y  Magnet ic  Fie1 d 

P . J .  Coleman, J r .  and E . M .  Win te r  
U n i v e r s i t y  o f  Cal i f o r n i  a ,  Los Angel e s  

The f low o f  i n t e r s t e l l a r  n e u t r a l  p a r t i c l e s  i n t o  t h e  i n t e r -  

p l a n e t a r y  medium and t h e i r  s u b s e q u e n t  i o n i z a t i o n  i n  t h e  p r e s e n c e  

o f  t h e  e l e c t r c a a g n e t i c  f i e l d  of t he  s o l a r  wind can c a u s e  a  l o s s  

of f i e l d  a n g u l a r  momentum by t h e  s o l a r  wind.  The e f f e c t  o f  t h i s  

l o s s  o f  f i e l d  momentum i s  a  s i g n i f i c a n t  unwinding o f  t h e  s p i r a l  

f i e l d .  T h i s  a n g u l a r  momentum e f f e c t  i s  e v a l u a t e d  f o r  a  s i m p l e  

model of n e u t r a l  d e n s i t y  and ion  p r o d u c t i o n .  I t  i s  found t h a t  

f o r  n e u t r a l  hydrogen d e n s i t i e s  of 1  atom cm-3 wi th  a r e l a t i v e  

v e l o c i t y  of  10-20 km-sec- l ,  t h e  s p i r a l  a n g l e  w i l l  r e t u r n  t o  

4 5 "  before' the o r b i t  of J u p i t e r .  

To a p p e a r  i n  t h e  P roceed ings  -- o f  t h e  Asilornar Conference  -- - on -- t h e  
S o l a r  Wind, 1971.  -- - 



Magne t i c  L a t i t u d e  E f f e c t s  i n  t h e  S o l a r  W i n d  

C . R .  Winge, J r .  and P . J .  Coleman, J r .  
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Ange les  

The Weber-Davis model o f  t h e  s o l a r  wind i s  g e n e r a l i z e d  t o  

i n c l u d e  t h e  e f f e c t s  o f  l a t i t u d e .  The p r i n c i p a l  a s s u m p t i o n s  o f  

h i g h  e l e c t r i c a l  c o n d u c t i v i t y ,  r o t a t i o n a l  symmet ry ,  t h e  p o l y -  

t r o p i c  r e l a t i o n  between p r e s s u r e  and d e n s i t y ,  and a  f l o w  a l i g n e d  

f i e l d  i n  a  s y s t e m  r o t a t i n g  w i t h  t h e  s u n ,  a r e  r e t a i n e d .  A n  ap -  

p r o x i m a t e  s o l u t i o n  t o  . t h e  r e s u l t i n g  e q u a t i o n s  f o r  s p h e r i c a l  boundary  

c o n d i t i o n s  a t  t h e  b a s e  o f  t h e  c o r o n a  i n d i c a t e s  a  s m a l l  component 

o f  l a t i t u d i n a l  f l o w  toward  t h e  s o l a r  p o l e s  a t  l a r g e  d i s t a n c e s  

f rom t h e  sun  a s  a  r e s u l t  o f  l a t i t u d i n a l  m a g n e t i c  f o r c e s .  

To a p p e a r  i n  t h e  P r o c e e d i n g s  - - o f  .-- t h e  .- A s i l o m a r  C o n f e r e n c e  - on -- t h e  
S o l a r  Wind, 1 9 7 1 .  -- 



C o r r e l a t i o n s  Between Kagnet i  c  F i e l d  Changes a t  A T S - 1  
and Low L a t i t u d e  Ground S t a t i o n s  

B . L .  Horning ,  R . L .  McPherron, and P . J .  Coleman, J r .  
U n i v e r s i t y  o f  Cal i f o r n i a ,  1 0 s  Angeles 

The h o r i z o n t a l  components of t h e  magnet ic  f i e 1  ds measured 

a t  t h e  synchronous  s a t e l l i t e  AiS-1,  and a t  Honolulu and Tucson 

a r e  o f t e n  observed  t o  be h i g h l y  c o r r e l a t e d .  The h i g h e s t  c o r -  

r e l a t i o n  i s  p r e s e n t  d u r i n g  t h e  o n s e t  of  magne tospher i c  subs to rms  

o c c u r r i n g  w i t h i n  t h r e e  hours  of l o c a l  m i d n i g h t ,  and a f t e r  p e r i o d s  

of  l i t t l e  o r  no d i s t u r b a n c e  from t h e  q u i e t  day magnet ic  f i e l d .  

A l i n e a r  r e g r e s s i o n  of d a t a  from Tucson,  Honoiu lu ,  and Guam 

v e r s u s  t h e  s a t e l l i t e  shows t h a t  t h e  c o r r e l a t i o n  depends upon 

l o c a l  t i m e ,  t h e  magnitude o f  t h e  f i e l d ,  and t h e  l o n g i t u d i n a l  

d i s t r i b u t i o n  o f  t h e  g r o u n d  s t a t i o n s .  I t  i s  s u g g e s t e d  t h a t  t h e  

phenomena r e s p o n s i b l e  f o r  t h e s e  c o r r e ?  a t i o n s  a r e  s p a t i a l  and 

temporal  changes i n  t h e  t a i l  c u r r e n t  caused  by i n c r e a s e d  magne t i c  

p r e s s u r e  on t h e  plasma s h e e t .  Other  c u r r e n t  sys tems t e n d  t o  

d e s t r o y  t h e  c o r r e l a t i o n .  The c o r r e l a t i o n  may a l s o  be weakened 

when ATS 1  i s  e n g u l f e d  by t h e  t a i l  c u r r e n t .  We b e l i e v e  t h a t  t h i s  

phenomenon can be used a s  an e f f e c t i v e  t o o l  i n  s t u d y i n g  t h e  t a i l  

c u r r e n t  i n  t h e  absence  of magnet ic  s t o r m s .  

P r e s e n t e d  a t  t h e  S p r i n g  Meeting of t h e  American Geophysical  
Union, Washingtorr, D.C., Apri 1 ,  1971. 



Low Frequency Waves a t  ATS-I and 
i t s  Conjugate  P o i n t  During Substorms 

R.L. McPherron, and P . J .  Coleman, J r .  
U n i v e r s i t y  of C a l i f o r n i a ,  Los Angeles  

i A geomagnet ic  o b s e r v a t o r y  a t  t h e  c a l c u l a t e d  c o n j u g a t e  p o i n t  

of t h e  synchronous  s a t e l l i t e  ATS-1 has been used t o  d i g i t a l l y  

r e c o r d  low f requency  waves d u r i n g  s u b s t o r m s .  S imul t aneous  o b -  

s e r v a t i o n s  a t  ATS-1 r e v e a l  whether  t h e s e  waves a r e  p r e s e n t  o n  t h e  

f i e l d  l i n e  p a s s i n g  through t h e  s a t e l l i t e .  The comparison between 

t h e  two l o c a t i o n s  i s  made q u a n t i t a t i v e  by s p e c t r a l  a n a l y s i s  of 

t h e  waveforv d a t a .  When a  s i n g l e  wave phenomenon a p p e a r s  t o  be  

p r e s e n t  a t  both l o c a t i o n s ,  a  t r a n s f e r  f u n c t i o n  f o r  t h e  f i e l d  

l i n e  i s  d e t e r m i n e d .  Among t h e  ground wave phenomena c o n s i d e r e d  

a r e  sweepers  ( I P D P ) ,  n o i s e  b u r s t s  ( P i  Z ) ,  i r r e g u l a r  f l u c t u a t i o n s  

and band l i m i t e d  p u l s a t i o n s  (Pi  1  ) Not a l l  of t h e s e  a r e  s imul -  

t a n e o u s l y  observed  a t  both l o c a t i o n s  i n d i c a t i n g  e i t h e r  t h e  waves 

a r e  l o c a l i z e d  i n  s p a c e  wi th  t h e  s a t e l l i t e  o n  a  d i f f e r e n t  f i e l d  

o r  t h e  waves o r i g i n a t e  i n  t h e  i o n o s p h e r e .  

P r e s e n t e d  a t  t h e  S p r i n g  Meeting o f  t h e  American Geophys ica l  
Union, Washington, D .  C . ,  Apri 1 ,  1971. 



P C  4 and P C  5 M i c r o p u l s a t i o n s  Observed  
Dur ing  Geomagne t ic  S t o r m s :  ATS-1 

J .N.  B a r f i e l d ,  R . L .  McPher ron ,  and P . J .  Coleman,  J r .  
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Ange l e s  

Q u a s i - s i n u s o i d a l  f l u c t u a t i o n s  of  r e l a t i v e l y  l a r g e  a m p l i t u d e s  

a r e  r e g u l a r l y  o b s e r v e d  a t  t h e  ATS-1 o r b i t  d u r i n g  g e o m a g n e t i c  

s t o r m s .  Dur ing  t h e  y e a r  1 9 6 7 ,  26 c l e a r l y  d e f i n e d  e v e n t s  were  a b -  

s e r v e d ,  w i t h  p e r i o d s  i n  t h e  r a n g e  2-15 m i n u t e s  and a m p l i t u d e s  

up t o  20y.  These  o s c i l l a t i o n s  were u s u a l l y  e l l i p t i c a l l y  p o l a r i z e d  

w i t h  t h e  ma jo r  a x i s  of  t h e  p o i a r i z a t i o n  e l l i p s e  l y i n g  i n  a swep t  

back m e r i d i o n a l  p l a n e .  The e v e n t s  t y p i c a l l y  o c c u r r e d  d u r i n g  

t h e  main phase  o f  t h e  g e o m a g n e t i c  s t o r m ,  and were g e n e r a l l y  

c o n f i n e d  t o  t h e  a f t e r n o o n  s e c t o r .  A l l  26 e v e n t s  were  c l o s e l y  

c o r r e l a t e d  w i t h  s u b s t o r m  a c t i v i t y  i n  t h e  m i d n i g h t  s e c t o r .  

P r e s e n t e d  a t  t h e  S p r i n g  Meet ing  of  t h e  American G e o p h y s i c a l  
Union ,  Washing ton ,  D .  C . ,  A p r i l ,  1 9 7 1 .  



A Modular  Approach t o  t h e  D i g i t a l  
A n a l y s i s  of V e c t o r  Time S e r i e s  

R . L .  McPher ron ,  and P . J .  Coleman,  J r .  
U n i v e r s i t y  of C a l i f o r n i a ,  Los A n g e l e s ,  USA 

R e c e n t  i n v e s t i g a t i o n s  of  such  phenomeria a s  low f r e q u e n c y  

e l e c t r o m a g n e t i c  wavzs have b e n e f i t e d  g r e a t l y  f rom t h e  c o n v e n i e n c e s  

of  d i g i t a l  d a t a .  The p r i m a r y  a d v a n t a g e  i s  t h e  wide v a r i e t y  of  

a n a l y s i s  t e c h n i q u e s  a v a i l a b l e  t h r o u g h  computer  p r o c e s s i n g .  D e s p i t e  

t h e  a p p a r e n t  c o n c e p t u a l  s i m p l i c i t y  of  many of  t h e s e  t e c h n i q u e s ,  

t h e y  have o f t e n  proven  d i f f i c u l t  t o  imp lemen t .  A ma jo r  p rob lem 

has  been t h a t  s i m p l e  c h a n g e s  i n  d a t a  f o r m a t  o r  a n a l y s i s  t e c h n i q u e  

c a u s e  l o n g  d e l a y s  i n  reprogramming  o f  t h e  compu te r .  b/e have 

a t t e m p t e d  t o  overcome t h e s e  p rob l ems  by a  modula r  a p p r o a c h  t o  

t i m e  s e r i e s  a n a l y s i s .  T h i s  app roach  u t i l i z e s  t h e  s t r u c t u r e  of  

F O R T R A N  programming c r e a t i n g  s u b r o u t i n e s  f o r  e a c h  of  many p o s s i b l e  

o p e r a t i o n s  on t i m e  s e r i e s .  To f a c i l i t a t e  i n t e r n a l  m a n i p u l a t i o n  of  

d a t a  we r e q u i r e  a l l  t i m e  s e r i e s  have t h e  same f o r m a t .  To i n t e r -  

f a c e  w i t h  a c t u a l  i n p u t  d a t a  s t r e a m s  we w r i t e  i n p u t  c o n v e r s i o n  

r o u t i n e s  a s  t h e  need a r i s e s .  To a v o i d  p rob lems  i n  m a n i p u l a t i o n  

of l a r g e  program d e c k s  a l l  programs a r e  s t o r e d  i n t e r n a l l y  i n  t h e  

d i r e c t  a c c e s s  memory of an IBM 360-91 .  Access  t o  t h e s e  p rograms  

i s  p a r t i c u l a r l y  c o n v e n i e n t  because  of  t h e  f a c i l i t i e s  f o r  d a t a  s e t  

m a n i p u l a t i o n  a v a i l a b l e  i n  t h e  o p e r a t i n g  s y s t e m  o f  t h i s  compu te r .  

The e n t i r e  p r o c e s s  of  i n t e r a c t i o n  w i t h  t h e  compu te r  i s  enhanced  

by u se  o f  a  r emo te  t e l e v i s i o n  c o n s o l e  and keyboa rd .  We w i l l  

d e m o n s t r a t e  t h e  s t r u c t u r e  a n d  u s e  o f  t h i s  modula r  a p p r o a c h  by 

o u t l i n i n g  t h e  p r o c e d u r e  f o l l o w e d  i n  t h e  a n a l y s i s  of  a  l o w  f r e q u e n c y  

e l e c t r o m a g n e t i c  wave r e c o r d e d  s i m u l t a n e o u s l y  a t  t h e  synch ronous  
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s a t e l l i t e  ATS-1 and i t s  a u r o r a l  zone c o n j u g a t e  p o i n t ,  Tungs ten ,  

N . W . T . ,  Canada. I n s t r u m e n t a t i o n  and d a t a  p r o c e s s i n g  a t  t h e  

ground s t a t i o n  a r e  d e s c r i b e d  i n  a  companion p a p e r .  P a r t j c u l a r  

emphasis  w i l l  be p l a c e d  on d e s c r i b i n g  t h e  development  o f  a  new 

t e c h n i q u e  f o r  dynamic s p e c t r a l  a n a l y s i s  us ing  t h e  f u l l  3 x 3 

s p e c t r a l  m a t r i x .  T h i s  t e c h n i q u e  e n a b l e s  t h e  i n v e s t i g a t o r  t o  

obse rve  a wave i n  an a r b i t r a r y  c o o r d i n a t e  system and d e t e r m i n e  

a l l  r e l e v a n t  p o l a r i z a t i o n  p a r a m e t e r s  a s  a  f u n c t i o n  of f r e q u e n c y  

and t ime .  

P r e s e n t e d  a t  t h e  X V  General  Assembly o f  t h e  I.U.G.G., Moscow, 
Augus t ,  1971. 
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Substorm R e l a t e d  Changes i n  t h e  Geomagnetic T a i l  
I 

I 

I 
i 

R . L .  McPherron 
U n i v e r s i t y  of C a l i f o r n i a ,  Los Angeles  

1 
I Changes i n  t h e  c o n f i g u r a t i o n  of t h e  geomagnet ic  t a i l  a r e  
i 
I known t o  p l a y  a  fundamenta l  r o l e  i n  magne tospher i c  s u b s t o r m s .  

J 
i O b s e r v a t i o n s  wi th  t h e  U C L A  magnetometer on t h e  e c c e n t r i c  o r b i t e r  
I 

O G O  5 i n d i c a t e  t h a t  t h e  most pronounced changes i n  t h e  midn igh t  

mer id ian  o c c u r  i n  t h e  cusp between 8 and 1 3  R e .  In  o r d e r  t o  

o r g a n i z e  t h e  o b s e r v a t i o n s  i t  i s  n e c e s s a r y  t o  s e p a r a t e  e f f e c t s  

on t h e  t a i l  due t o  t h e  s o l a r  wind magnet ic  f i e l d  and e f f e c t s  due 

t o  s u b s t o r m s .  Provided  t h e r e  a r e  no changes  i n  t h e  s o l a r  wind 

t h e r e  a r e  two d i s t i n c t  phases  of  a  subs to rm i n  t h e  nea r  t a i l :  

a  growth phase and an expans ion  phase .  During each  phase t h e  

o b s e r v a t i o n s  depend on t h e  l o c a t i o n  of t h e  s a t e l l i t e  r e l a t i v e  t o  

t h e  plasma s h e e t  b o u n d a r i e s ,  f a r  behind t h e  e a r t h  i s  t h e  pure  

t a i l  r e g i o n  which c o n s i s t s  of t h e  lobe  and t h e  plasma s h e e t .  In 

t h e  lobe  t h e  f i e l d  magnitude i s  c h a r a c t e r i s t i c a l l y  enhanced r e l a -  

t i v e  t o  t h e  d i p o l e .  C l o s e r  t o  t h e  e a r t h  i s  a  r e g i o n  o f  t r a n s i t i o n .  

The f i e l d  magnitude i s  c l o s e  t o  t h a t  of t h e  d i p o l e  b u t  i t s  o r i e n t a -  

t i o n  i s  d i s t o r t e d  forming a  c u s p - l i k e  f i e l d  l i n e .  Near t h e  e a r t h  

i s  a  r e g i o n  of d e p r e s s e d  f i e l d .  Here t h e  f i e l d  magnitude i s  much 

l e s s  t h a t  t h a t  of t h e  d i p o l e ,  b u t  i t s  o r i e n t a t i o n  i s  s i m i l a r .  The 

growth phase of a  subs torm a p p e a r s  t o  be t h e  d i r e c t  consequence 

of t h e  o n s e t  of a southward s o l a r  wind magnet ic  f i e l d .  I n  t h e  

pure  t a i l  r e g i o n  t h e  l o b e  f i e l d  beg ins  t o  i n c r e a s e  i n  magnitude 

and t h e  plasma s h e e t  t h i n s .  The t r a n s i t i o n  r e g i o n  moves ea r thward  



2 6 
and t h e  f i e l d  l i n e s  become more t a i l - l i k e  a s  t h e  f i e l d  magnitude 

i n c r e a s e s .  In t h e  i n n e r  r e g i o n  of d e p r e s s e d  f i e l d  t h e  f i e l d  

magnitude d e c r e a s e s  r a p i d l y .  The o n s e t  of t h e  expans ion  phase 

a p p e a r s  t o  be a  p r o c e s s  i n t e r n a l  t o  t h e  magnetosphere and i n -  

dependent  of t h e  s o l a r  wind. In t h e  d e p r e s s e d  f i e l d  r e g i o n  t h e r e  

i s  a  r a p i d ,  t u r b u l e n t  i n c r e a s e  i n  f i e l d  magni tude .  In t h e  t r a n s i -  

t i o n  r e g i o n  t h e r e  i s  a sudden d e c r e a s e  i n  f i e l d  magnitude and 

a r e t u r n  t o  d i p o l a r  o r i e n t a t i o n .  In t h e  t a i l  r e g i o n  t h e  plasma 

s h e e t  expands r a p i d l y  wi th  t h e  f i e l d  becoming q u i t e  d i p o l a r  i n -  

s i d e  and d e c r e a s i n g  s l o w l y  i n  t h e  lobe  of t h e  t a i l .  

P r e s e n t e d  a t  t h e  X Y  Genera1 Assembly o f  t h e  I.U.G.G., Moscow, 
Augus t ,  1971. 



Substorm Wave Phenomena 

R . L .  McPherron 
U n i v e r s i t y  of C a l i f o r n i a ,  Los Angeles  

In p r i n c i p l e ,  low f r e q u e n c y  waves ( U L F )  shou ld  p r o v i d e  a  

u s e f u l  t o o l  f o r  s t u d y i n g  t h e  c h a r a c t e r i s t i c s  of magne tospher i c  

plasma.  They shou ld  be p a r t i c u l a r l y  u s e f u l  d u r i n g  magne tospher i c  

subs to rms  when r a p i d  changes make i t  d i f f i c u l t  t o  i n t e r p r e t  

o b s e r v a t i o n s  made w i t h  a  s i n g l e  s a t e l l i t e .  Ground o b s e r v a t f o n s  

of magne t i c  m i c r o p u l s a t i o n s  have r e v e a l e d  t h a t  a  number of d i s t i n c t  

wave phenomena occur '  d u r i n g  s u b s t o r m s .  A t  t h e  dusk mer id ian  IPDP 

( sweeper )  e v e n t s  a r e  a s s o c i a t e d  wi th  t h e  expans ion  phase ;  n e a r  

midn igh t  Pi 2 ( n o i s e  b u r s t s )  a r e  a s s o c i a t , e d  wi th  t h e  growth phase 

and i r r e g u l a r  p u l s a t i o n s  w i t h  t h e  expans ion  phase ;  p o s t  midn igh t  

Pi 1  (band l i m i t e d  p u l s a t i o n s )  a r e  a s s o c i a t e d  wi th  t h e  r e c o v e r y  

p h a s e .  S p e c u l a t i o n  abou t  plasma c h a r a c t e r i s t i c s  r e s p o n s i b l e  f o r  

t h e s e  wave phenomena i n c l u d e :  c y c l o t r o n  i n s t a b i l i t y  of i n j e c t e d  

p r o t o n s  f o r  IPDP, f i e l d  a l i g n e d  c u r r e n t  i n s t a b i l i t y  f o r  Pi 2 ,  

t u r b u l e n t  inward f low of magne tospher i c  plasma f o r  i r r e g u l a r  

p u l s a t i o n s ,  and d r i f t  wave i n s t a b i  1 i  t y  of i n n e r  edge of e l e c t r o n  

plasma s h e e t  f o r  P i  1 .  S a t e l l i t e  o b s e r v a t i o n s  of U L F  waves a r e  

few i n  number b u t  e x c e e d i n g l y  i m p o r t a n t  i n  d e f i n i n g  c h a r a c t e r i s t i c s  

n o t  a c c e s s i b l e  t o  ground o b s e r v a t i o n s .  Recent  r e s u l t s  o b t a i n e d  

by U C L A  magnetometers  on ATS i and a t  { t s  c o n j u g a t e  p o i n t ,  T u n g s t e n ,  

NWT, Canada, r e v e a l  t h e  p r e s e n c e  of ezch of t h e s e  wave phenomena 

i n  s p a c e  on a u r o r a l  zone f i e l d  l i n e s .  T h i s  pape r  w i l l  p r e s e n t  t h e  

c h a r a c t e r i s t i c s  of t h e s e  waves a s  d e r i v e d  from s i m u l t a n e o u s  o b -  

s e r v a t i o n s  on t h e  ground and i n  s p a c e .  I m p l i c a t i o n s  of t h e s e  o b -  



P r e s e n t e d  a t  t h e  XY General  Assembly o f  t h e  I.U.G.G., Moscow,  
A u g u s t ,  1 9 7 1 .  



D i g i t a l  Data A c q u i s i t i o n  and P r o c e s s i n g  from 
a  Remote Magnet ic  Obse rva to ry  

Rc.C.  S n a r e ,  D.J .  P e t e r s ,  P . J .  Coleman, J r . ,  and R . L .  McP17erron 
I n s t i t u t e  of Geophys ic s ,  U n i v e r s i t y  of C a l i f o r n i a  

Los Ange les ,  C a l i f o r n i a ,  USA 

High q u a l i t y  magnet ic  f i e l d  measurements i n  t h e  a u r o r a l  

zone a r e  p a r t i c u l a r l y  i m p o r t a n t  i n  p r e s e n t  s t u d i e s  of magneto-- 

spher- ic  p h y s i c s .  The s t a n d a r d  ana log  magnetometers  a r e  i n a p p r o p r i a t e  

because of l i m i t e d  dynamic r a n g e ,  s e n s i t i v i t y ,  and t ime r e s o l u t i o n  

and i n  conven iences  i n  t h e  m a n i p u l a t i o n  of t h e  d a t a .  Remote 

o b s e r v a t o r i e s  us ing  s a t e l l i t e  t y p e  magnetometers  and d i g i t a l  d a t a  

a c q u i s i t i o n  sys tems a r e  t h e r e - f o r e  a  d e s i r a b l e  improvement.  T o  

complement t h e  U C L A  magnetometer on ATS-1 c o n j u g a t e  p o i n t  a t  

Tungs ten ,  N .M.T . ,  Canada. The m a i n t a i  nence of t h i s  s t a t i o n  and 

computer p r o c e s s i n g  of t h e  d a t a  have i n v o l v e d  a  number of u n -  

expec ted  problems which could  d e l a y  s i m i l a r  e f f o r t s  e l s e w h e r e .  

T h e r e f o r e ,  t h e  i n s t r u m e n t a t i o n  and d a t a  p r o c e s s i n g  f o r  t h i s  ob- 

s e r v a t o r y  w i l l  be d e s c r i b e d ,  w i th  p a r t i c u l a r  emphasis  o n  o u t -  

s t a n d i n g  problems.  The advan tages  of t h i s  sys tem a r e  i l l u s t r a t e d  

i n  a  companion paper  by examples  of s c i e n t i f i c  r e s u l t s  o b t a i n e d  

us ing  computer t ime s e r i e s  a n a l y s i s .  A l t e r n a t i v e s  t o  t h e  use of 

d i g i t a l  i n c r e m e n t a l  t a p e  r e c o r d e r s  a s  i n  t h e  p r e s e n t  s y s t e m ,  

e . g . ,  d a t a  t r a n s m i s s i o n  v i a  s a t e l l i t e  l i n k ,  w i l l  a l s o  be d i s c u s s e d ,  

P r e s e n t e d  a t  t h e  X V  Genera l  Assembly of t h e  I.U.G.G., Moscow, 
Augus t ,  1971.  



Quie t -T ime  O b s e r v a t i o n  o f  a  C o h e r e n t  Compres s iona l  Pc-4 
M i c r o p u l s a t i o n  a t  Synch ronous  A1 t i  t u d e  

J . N .  Ba r f i e1 .d  
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Ange7es 

L . J .  L a n z e r o t t i  and C . G .  Maclennan 
Be1 1  T e l e p h o n e  L a b o r a t o r i e s ,  Murray Hi1 1 ,  N.3. 

G . A .  P a u l i k a s  and  Michael  S c h u l z  
The A e r o s p a c e  C o r p o r a t i o n ,  El Segundo ,  C a l i f .  

Dur ing  a  m a g n e t i c a l  l y  q u i e t  i n t e r v a l  ( 1  740-1850 U T ) ,  on 

F e b r u a r y  1 4 ,  1 9 6 7 ,  t h e  m a g n e t i c - f i e l d  i n t e n s i  t y  and e n e r g e t i c  

e l e c t r o n  f l u x e s  ( E  - 0 . 3 - 2 . 0  MeV) a t  ATS 1  e x h i b i t e d  c o h e r e n t  

m o d u l a t i o n s  h a v i n g  a  f r e q u e n c y  o f  33 .8  cph ( p e r i o d  - 1 0 6 . 5  s e c )  

and  a d u r a t i o n  o f  a p p r o x i m a t e l y  40 o s c i l l a t i o n s .  The e l e c t r o n  

f l u x e s  and  t h e  m a g n e t i c  f i e l d  o s c i l l a t e d  i n  p h a s e .  The f i e l d  

p e r t u r b a t i o n  r e a c h e d  8y ( p e a k  t o  p e a k )  i n  t h e  d i r e c t i o n  o f  t h e  

u n p e r t u r b e d  g e o m a g n e t i c  f i e l d .  The t r a n s v e r s e  component o f  t h e  

f i e l d  p e r t u r b a t i o n  was p r a c t i c a l l y  z e r o .  The c h a r a c t e r i s t i c s  

o f  t h e  o b s e r v e d  o s c f l l a t i o n s  a p p e a r  c o m p a t i b l e  w i t h  t h o s e  o f  a  

c o m p r e s s i o n a l  (magne to son i  c )  e x c i t a t i o n  o f  t h e  o u t e r  m a g n e t o s p h e r e .  

The s u b s t a n t i a l l y  r a d i a l  normal mode i s  p e r h a p s  d r i v e n  by a  bounce-  

r e s o n a n t  i n t e r a c t i o n  w i t h  t h e  15-key  p r o t o n s  t h a t  p o p u l a t e  t h e  

q u i e t - t i m e  r i n g  c u r r e n t .  

S u b m i t t e d  t o  3 .  Geophys .  R e s . ,  1971 .  -- - 



A n  Attempt a t  R e c o n c i l i a t i o n  of E m p i r i c a l l y  Determined 
Radia l  D i f f u s i o n  C o e f f i c i e n t s  

Thomas A .  F a r l e y  
U n i v e r s i t y  of  C a l i f o r n i s ,  Los Angeles  

Pub l i shed  v a l u e s  f o r  t h e  r a d i a l  d i f f u s i o n  c o e f f i c i e n t  ap-  

p l i c a b l e  t o  t h e  t r a n s p o r t  of v a r i o u s  e n e r g e t i c  p a r t i c l e  p o p u l a t i o n s  

of t h e  r a d i a t i o n  b e l t  show l a r g e  d i s c r e p a n c i e s .  An a t t e m p t  i s  

made t o  r e c o n c i l e  t h e s e  d i s c r e p a n c i e s  by c o n s i d e r i n g  t h e  f u n c t i o n a l  

dependence of t h e  c o e f f i c i e n t  on L ,  and on t h e  p a r t i c l e  d r i f t  p e r i o d  

and p i t c h  a n g l e ,  u s i n g  d i f f u s i o n  t h e o r y  a s  a g u i d e .  A r e a s o n a b l y  

s u c c e s s f u l  r e s u l t  i s  o b t a i n e d ,  p a r t i c u l a r l y  a t  low L v a l u e s ,  i f  t h e  

r a d i a l  d i f f u s i o n  c o e f f i c i e n t  i s  assumed t o  be p r o p o r t i c n a l  t o  t h e  

p a r t i c l e  d r i f t  p e r i o d  ( w h i c h ,  f o r  n o n - r e l a t i v i s t i c  p a r t i c l e s ,  imp1 i e s  

an i n v e r s e  p r o p o r t i c n  t o  t h e  p a r t i c l e  magne t i c  moment),  and i f  t h e  

c o e f f i c i e n t  v a r i e s  wi th  p a r t i c l e  p i t c h  a n g l e  i n  t h e  way computed by 

Falthammar f o r  d i f f u s i o n  produced by magnet ic  v a r i a t i o n s .  There  

remains  a  d i s c r e p a n c y  among v a r i o u s  r e p o r t e d  v a l u e s  of  a  f a c t o r  of  

30 i n  t h e  L r ange  3 - 5 .  T h i s  d i s c r e p a n c y  i s  s o  l a r g e  t h a t  i t  shou ld  

be p o s s i b l e  t o  r e s o l v e  i t ,  even w i t h  t h e  l i m i t a t i o n s  of p r e s e n t  

d a t a  s e t s .  

P r e s e n t e d  a t  t h e  S p r i n g  Meeting of t h e  American Geophysical  Union, 
Washington,  D . C . ,  A p r i l ,  1 9 7 1 .  
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I .  INTRODUCTION 

Values of ATS 1  Data .  The ATS 1  s a t e l l i t e  was p l a c e d  i n  

synchronous  o r b i t  i n  December 1 9 6 6 .  S i n c e  i t s  l a u n c h ,  i t  has  

o p e r a t e d  a l m o s t  c o n t i n u o u s l y ,  measur ing  t h e  v e c t o r  magne t i c  f i e l d .  

A t  t h e  t ime  of launch t h i s  i n s t r u m e n t  was t h e  most s e n s i t i v e  f l u x -  

g a t e  magnetometer i n  s p a c e  a n d ,  i n  a d d i t i o n ,  had t h e  h i g h e s t  sample 

r a t e  of any s a t e l l i t e  magnetometer .  The f a c t  t h a t  i t  i s  l o c a t e d  i n  

t h e  e q u a t o r i a l  p l a n e  and i t s  o r b i t a l  p e r i o d  i s  l ocked  t o  t h e  ro- 

t a t i o n  p e r i o d  of  t h e  e a r t h  has made p o s s i b l e  a  number of unique  

s t u d i e s .  All  of  t h e s e  depend on t h e  f a c t  t h a t  t h e  s a t e l l i t e  sweeps 

o u t  one comple te  r e v o l u t i o n  of  t h e  magnetosphere  e v e r y  day a t  a 

f i x e d  p o i n t  i n  t h e  e a r t h ' s  magnet ic  f i e l d ,  T h i s  makes p o s s i b l e  

s t a t i s t i c a l  s t u d i e s  of t h e  o c c u r r e n c e  of v a r i o u s  phenomena which 

1 - l - l 2 , - -  I - ! - -  - 1  - - f i  - +  t h n  c \ r n r h r ~ n n ~ i c  n r n i  r. i r i _ v  ~ L L ~ I I  l, ; L  = a  L C  t l t L L  --"-  I - - - - -  - - 

r e q u i r e s  a  f u l l  y e a r  t o  make such a  c i r c u i t  and r e q u i r e s  many 

y e a r s  t o  a c q u i r e  comparable  s t a t i s t i c s .  

The v a l u e  of such s t u d i e s  i s  enhanced by t h e  f a c t  t h a t  mag- 

n e t i c  f i e l d  l i n e s  i n t e r s e c t i n g  t h e  a u r o r a l  zone pass  n e a r  o r  

th rough  t h e  synchronous  o r b i t .  T h i s  f a c t  has made t h e  ATS 1  d a t a  

e x t r e m e l y  u s e f u l  i n  s t u d i e s  of  t h e  magne tospher i c  s u b s t o r m ,  mag- 

n e t i  c s to rms  and a u r o r a l  zone mi c ropu l  s a t i o n s .  

Problems of  S p a c e c r a f t  F i e l d .  D e s p i t e  t h e  f a c t  t h a t  t h e  mag- 

ne tomete r  has  worked p r o p e r l y  e n a b l i n g  us t o  comple te  a  number of 

i m p o r t a n t  s t u d i e s ,  we have e n c o u n t e r e d  major  problems i n  t h e  a n a l y s i s  

of t h e  d a t a .  These problems a r i s e  from t h e  f a c t s  t h a t  t h e  s p a c e -  

c r a f t  was no t  o r i g i n a l l y  des igned  t o  c a r r y  a  magnetometer  and t h a t  

no boom was provided  t o  s e p a r a t e  t h e  i n s t r u m e n t  from t h e  s p a c e c r a f t .  
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As a  consequence ,  t h e  s p a c e c r a f t  f i e l d  a t  t h e  magnetometer  i s  

comparable  t o  t h e  ambient  f i e l d .  T h i s  problem would n o t  be s e r i o u s  

i f  t h e  f i e l d  were known o r  c o n s t a n t .  U n f o r t u n a t e l y ,  t h i s  f i e l d  i s  

depegdent  on t h e  s p a c e c r a f t  s t a t e ,  which changes a s  o f t e n  a s  1 0 0  

t i m e s  p e r  day .  Unless  t h i s  f i e l d  i s  de te rmined  f o r  each s t a t e ,  no 

a b s o l u t e  measurements of t h e  f i e l d  a r e  p o s s i b l e .  

In a d d i t i o n  t o  t h e  problem j u s t  d i s c u s s e d ,  t h e  absence  of a  

boom has made i t  d i f f i c u l t  t o  s t u d y  f l u c t u a t i o n s  of  t h e  f i e l d .  

Here t h e  problem a r i s e s  from f i e l d  t r a n s i e n t s  caused  by t h e  changing  

s p a c e c r a f t  s t a t e .  These t r a n s i e n t s  i n t r o d u c e  n o i s e  s p i k e s  and gaps 

i n t o  t h e  magnetometer d a t a .  S i m i l a r l y ,  o t h e r  env i ronmenta l  e x p e r i -  

ments produce p e r i o d i c  d i s t u r b a n c e s  a t  t h e  s p a c e c r a f t .  

n a , - ; m f l  +I.,- n q p +  ,,--- .,- L-,,,, , A ~ , , - ~ - ~ - A  ..,-+L*A? c-- I . , - - A ~  <-,., - - .  ' " 3  - * . -  , -  - . .. - " " '  - - - .  " ' - " ' ~ - -  . - . . n . . - .  ' " J  

t h e  p r e c e d i n g  d i f f i c u l t i e s .  Use of t h e s e  methods has e n a b l e d  us 

t o  begin  a  number of i n t e r e s t i n g  p r o j e c t s  o t h e r w i s e  n o t  p o s s i b l e .  

In t h e  f o l l o w i n g  s e c t i o n s  we d e s c r i b e  t h e s e  methods and summarize 

t h e  r e s u l t s  of o u r  a n a l y s i s .  
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11 .  ATS 1  C H R O N O L O G Y  

The U C L A  magnetometer on ATS 1  has o p e r a t e d  c o n t i n u o u s l y  now 

f o r  a l m o s t  5 y e a r s .  During t h i s  t ime  t h e  p e r c e n t  d a t a  r e c o v e r e d  

from t h e  s a t e l l i t e  has t y p i c a l l y  been abou t  80%.  A month-by-month 

p l o t  of t h i s  d a t a  r e c o v e r y  i s  i n c l u d e d  a s  F i g u r e  1 .  During t h i s  

t ime  t h e r e  have been two major  changes i n  t h e  s a t e l l i t e  which,  i n  

o r d e r  t o  compensate  f o r ,  o u r  e x i s t i n g  d a t a  p r o c e s s i n g  programs must 

be m o d i f i e d .  The f i r s t  of t h e s e  o c c u r r e d  on November 2 ,  1969,  when 

t h e  s a t e l l i t e  sun s e a s o r  f a i l e d .  The s i g n a l  from such a  s e n s o r  i s  

r e q u i r e d  t o  r e s o l v e  t h e  o u t p u t  of  t h e  magnetometer t r a n s v e r s e  t o  

t h e  s p i n  a x i s  i n t o  two o r t h o g o n a l  components f i x e d  i n  i n e r t i a l  

s p a c e .  

T f i 2  rccc:._! c$!?nt ~ r r ~ u y r w ~ r l  2 n  l t ~ n n  3 f l  la717 \ r t h n n  C n r ( l ( a r d  q n ; l r ~  

F l i g h t  Cen te r  ceased  r e c o r d i n g  t h e  o u t p u t  of t h e  E M E  package on 

ATS 1 .  S p e c i a l  a r r angement s  made wi th  N O A A  a t  Bou lde r ,  Co lo rado ,  

s u p p o r t e d  by t h e  O f f i c e  of Naval Resea rch ,  have made i t  p o s s i b l e  

t o  c o n t i n u e  r e c o r d i n g  t h e  t e l e n i e t e r e d  d a t a .  However, t h e  fo rma t  

of  t h e  d a t a  t a p e s  i s  q u i t e  d i f f e r e n t  from t h o s e  o r i g i n a l l y  s u p p l i e d  

t o  U C L A .  These e v e n t s  and s e v e r a l  o t h e r s  of l e s s e r  impor tance  a r e  

summarized i n  t h e  chronology of  T a b l e  1 .  

111.  CORRECTION O F  ATS-1 MAGNETIC FIELD OBSERVATIONS 

Abso lu te  C o r r e c t i o n  f o r  E c l i p s e  S t a t e  

Sources  of  D C  I n t e r f e r e n c e .  As viewed by o u r  d a t a  pro-  

c e s s i n g  program, t h e  ATS 1  magnetometer  c o n s i s t s  of two s e n s o r s ,  

one p a r a l l e l  and one p e r p e n d i c u l a r  t o  t h e  s a t e l l i t e  s p i n  a x i s .  

The p a r a l l e l  s e n s o r  i s  e f f e c t i v e l y  f i x e d  i n  r e l a t i o n  t o  a i l  e l e c -  

t r i c a l  c u r r e n t s  f l o w i n g  i n  t h e  r o t a t i n g  s p a c e c r a f t  and measures  
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the.  magnet ic  f i e l d  of t h e s e  c u r r e n t s .  Th i s  s p a c e c r a f t  f i e l d  i s  

super imposed  on t h e  n a t u r a l  f i e l d  p a r a l l e l  t o  t h e  s p i n  a x i s  and 

must be s u b t r a c t e d  from t h e  measurements t o  o b t a i n  t h e  n a t u r a l  

f i e l d .  

The p e r p e n d i c u l a r  s e n s o r  r o t a t e s  a t  t h e  s a t e l l i t e  s p i n  f r e -  

quency and r e c o r d s  t h e  p r o j e c t i o n  of t h e  t r a n s v e r s e  component of 

t h e  f i e l d  on t h e  i n s t a n t a n e o u s  p o s i t i o n  of t h e  s e n s o r .  T h i s  p ro -  

j e c t i o n  i s  a  maximum when t h e  s e n s o r  and t r a n s v e r s e  f i e l d  a r e  p a r a l l e l ,  

and a  minimum when t h e y  a r e  a n t i p a r a l l e l .  By n o t i n g  t h e  phase of t h i s  

s i g n a l  r e l a t i v e  t o  a  s i g n a l  from t h e  sun s e n s o r ,  i t  i s  p o s s i b l e  t o  

r e s o l v e  t h e  s e n s o r  s i g n a l  i n t o  two o r t h o g o n a l  components .  

I n t e r f e r e n c e  wi th  t h e  p e r p e n d i c u l a r  s e n s o r  i s  caused  by any 
. . .  - .  

r nannP1  t r  r l ~ i n  w n l c - 1 1  i s  i t t . r * i c l t r ~ c .  d l .  ~ i ~ e  s n i r ~  ; r . e u u e ~ ~ ~ v .  3 ~ ~ 1 1  a S ; U -  

nal  a r i s e s  from t h e  s o l a r  p a n e l s  i n  two d i f f e r e n t  ways. F i r s t ,  t h e  

magnetometer  i s  l o c a t e d  on t h e  rim of a  c y l i n d r i c a l  s p a c e c r a f t  and 

d u r i n g  one r o t a t i o n  moves f i r s t  toward t h e  s u b s o l a r  p o i n t  and then  

away. S i n c e  t h e  c u r r e n t s  f low o n l y  i n  t h e  c e l l s  n e a r  t h e  s u b s o l a r  

p o i n t ,  t h e  magnetometer i s  moving f i r s t  toward t h e  c u r r e n t s  and 

then  away. The magnet ic  f i e l d  a t  t h e  magnetometer  due t o  t h e s e  

c u r r e n t s  w i l l  t h u s  i n c r e a s e  and d e c r e a s e  p e r i o d i c a l l y  a t  t h e  s p i n  

f r e q u e n c y .  We n o t e  a t  a  f i x e d  p o i n t  i n  s p a c e ,  t h e r e  would be no 

v a r i a t i o n  i n  t h e  magnet ic  f i e l d  due t o  t h i s  e f f e c t .  

There  i s  a  second way, however,  i n  which t h e  f i e l d  v a r i e s  

p e r i o d i c a l l y  a t  both t h e  magnetometer  and a l s o  a t  a  f i x e d  p o i n t  

i n  s p a c e .  T h i s  r e s u l  t s  from t h e  asymmetr ic  d i s t r i b u t i o n  of s o l a r  

c e l l s  due t o  open ings  i n  t h e  s i d e  of t h e  s p a c e c r a f t .  S i n c e  t h e r e  
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a r e  no c e l l s ,  t h e r e  i s  no c u r r e n t .  Thus,  t h e  magnitude of t h e  

c u r r e n t s  a t  t h e  s u b s o l a r  p o i n t ,  and hence magnet ic  f i e l d s  a t  t h e  

magnetometer ,  a r e  modulated p e r i o d i c a l l y  a t  t h e  s p i n  r a t e .  

The above p e r i o d i c  v a r i a t i o n s  i n  t h e  magnet ic  f i e l d  a t  t h e  

s p i n  f r e q u e n c y  a r e  super imposed  on t h e  v a r i a t i o n  due t o  r o t a t i o n  

of  t h e  p e r p e n d i c u l a r  s e n s o r  i n  t h e  t r a n s v e r s e  n a t u r a l  f i e l d ,  The 

o u t p u t  of t h i s  s e n s o r  i s  t h e  sum of t h e s e  two s i g n a l s .  !4e n o t e  a l s o  

t h a t  t h e  s o l a r  c e l l  c u r r e n t s  remain c o n s t a n t  i n  a m p l i t u d e  and phase 

f o r  a  g iven  s t a t e  of t h e  s p a c e c r a f t .  Thus,  when t h e  s e n s o r  s i g n a l  

i s  r e s o l v e d  i n t o  two o r t h o g o n a l  components ,  t h e  p e r i o d i c  i n t e r -  

f e r e n c e  s i g n a l  a p p e a r s  a s  c o n s t a n t  o f f s e t s  i n  t h e  two o r t h o g o n a l  

components of t h e ' t r a n s v e r s e  f i e l d .  As w i t h  t h e  p a r a l l e l  s e n s o r  

A A a 1  + h o r n  + r . r n  n F C c n + c  r n s ~ r +  h n  c ~ ~ h t r a r t n d  f r n m  f h a  - - - - - - - - 
1 - .  - - -  4 ,  - - - 

measured f i e l d  t o  o b t a i n  t h e  a c t u a l  f i e l d .  

I t  shou ld  be mentioned t h a t  t h e  p a r a l l e l  s e n s o r  a l s o  r e c o r d s  

a  s i g n a l  a t  t h e  s p i n  f r e q u e n c y  due t o  t h e  above s o u r c e s .  S i n c e  

t h e  d e s i r e d  i n f o r m a t i o n  a b o u t  t h e  n a t u r a l  f i e l d  i s  a t  f r e q u e n c i e s  

l e s s  than  t h e  s p i n  f r e q u e n c y ,  t h i s  i n t e r f e r e n c e  can be e l i m i n a t e d  

by low-pass  f i l t e r i n g  t h e  o u t p u t  of  t h e  p a r a l l e l  s e n s o r .  We n o t e ,  

however,  t h a t  f o r  a  g iven  s t a t e  of a  s p a c e c r a f t  t h e  phase o f  t h i s  

i n t e r f e r e n c e  s i g n a l  depends on t h e  r e l a t i v e  p o s i t i o n  of t h e  sun 

and t h e  magnetometer ,  i . e . ,  t h i s  e r r o r  s i g n a l  a c t s  a s  a  sun s e n s o r .  

De te rmina t ion  of P e r p e n d i c u l a r  O f f s e t  i n  t h e  E c l i p s e  

S t a t e .  For t h e  s a k e  of a rgument ,  l e t  us assume t h a t  t h e  s p a c e c r a f t  

s t a t e  remains c o n s t a n t .  Then t h e  o f f s e t s  i n  t h e  two components of 

t h e  t r a n s v e r s e  f i e l d  a r e  de te rmined  a s  f o l l o w s .  Near t h e  equ inoxes  

a  s a t e l l i t e  i n  e q u a t o r i a l  o r b i t  i s  e c l i p s e d  by t h e  e a r t h  nea r  
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l o c a l  m i d n i g h t .  When t h e  s a t e l l i t e  e n t e r s  t h e  e a r t h ' s  shadow, t h e  

c u r r e n t s  i n  t h e  s o l a r  c e l l s  v a n i s h  a l o n g  w i t h  t h e i r  magne t i c  e f -  

f e c t s .  A t  t h i s  t i m e ,  t h e  measured f i e l d  becomes equal  t o  t h e  

n a t u r a l  f i e l d .  The o f f s e t s  which o c c u r  i n  t h e  two o r t h o g o n a l  

components of t h e  t r a n s v e r s e  f i e l d  a t  t h i s  t ime a r e  j u s t  t h e  c o r -  

r e c t i o n s  which must be a p p l i e d  f o r  t h i s  s p a c e c r a f t  s t a t e .  

The a c t u a l  d e t e r m i n a t i o n  of t h e s e  two o f f s e t s  i s  c o m p l i c a t e d  

by t w o  f a c t o r s .  F i r s t ,  a s  soon a s  t h e  s p a c e c r a f t  e n t e r s  t h e  e a r t h ' s  

shadow t h e  s i g n a l  from t h e  sun s e n s o r  d i s a p p e a r s .  T h i s  means t h a t  

r e s o l u t i o n  of t h e  s i g n a l  from t h e  t r a n s v e r s e  magnetometer  i n t o  two 

o r t h o g o n a l  components f i x e d  i n  i n e r t i a l  s p a c e  depends u p o n  e x t r a p o -  

l a t i o n  of t h e  phase a n g l e  of  t h e  s p a c e c r a f t ' s  s p i n .  T h i s  e x t r a p o -  
- . .  . 4 ( 1  - ,  : - - . 2 . -  . - L  ..: l L  - 
d L l u l l  b e  I I IQUC U Y  a 3 3 U l a l ;  llL4 L C  3 I U L I J L V i l J  but& c lu r l r t a  u 

v a l u e  equal  t o  t h a t  a t  t h e  beg inn ing  of e c l i p s e .  T h i s  assumpt ion  

i s  v a l i d  o n l y  f o r  a  s h o r t  i n t e r v a l  of  t i m e .  

The second f a c t o r  i s  t h a t  t h e  s p a c e c r a f t  beg ins  t o  cool  i n  t h e  

shadow and s h r i n k s .  T h i s ,  i n  tu rn ,  c a u s e s  i t  t o  s p i n  f a s t e r .  As 

a  consequence ,  t h e  phase a n g l e  of t h e  s p i n n i n g  s p a c e c r a f t  d i f f e r s  

from t h e  p r e d i c t e d ,  and i n e r t i a l  r e f e r e n c e  i s  l o s t .  A t  t h i s  p o i n t ,  

l a r g e  s i n u s o i d s  appea r  i n  t h e  X and Y components u n t i l  a  sun 

s e n s o r  s i g n a l  i s  a g a i n  a v a i l a b l e .  The o f f s e t s  must be measured 

a s  soon a f t e r  t h e  s p a c e c r a f t  e n t e r s  t h e  comple te  shadow a s  p o s s i b l e .  

An example of t h e s e  e f f e c t s  i s  shown i n  F i g u r e  2 .  E c l i p s e  

e n t r y  beg ins  a t  0934:30 UT.  T r a n s i e n t  e f f e c t s  of  t h i s  e n t r y  a r e  

o v e r  by 0938. The X a n d  Y o f f s e t s  between t h e s e  two t i m e s  a r e  

a p p r o x i m a t e l y  12 and 1 8  gamma, r e s p e c t i v e l y .  S i n c e  no s o l a r  

c e l l  c u r r e n t s  a r e  f lowing  a t  t h i s  i a t e r  t i m e ,  we assume t h e  measured 
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f i e - l d  i s  e x a c t l y  equal  t o  t h e  n a t u r a l  f i e l d .  Thus,  t h e  c o r r e c t i o n  

v e c t o r  ( C X y  C y y  CZ) t o  be added t o  t h e  d a t a  f o r  t h e  p a r t i c u l a r  

s t a t e  of t h e  s p a c e c r a f t  on e n t r y  t o  t h i s  e c l i p s e  has X and Y com- 

ponents  of 12 and 1 8  gamma. 

The e f f e c t s  of l o s i n g  t h e  s i g n a l  from t h e  sun s e n s o r  and c o o l -  

i ng  of t h e  s p a c e c r a f t  a r e  a l s o  a p p a r e n t  i n  t h i s  f i g u r e .  Large 

a m p l i t u d e  s i n u s o i d s  i n  X and Y g r a d u a l l y  i n c r e a s e  i n  f r e q u e n c y  a s  

t h e  assumed s p i n  f r e q u e n c y  d e p a r t s  from t h e  a c t u a l  f r e q u e n c y .  A t  

a b o u t  1045 t h e  s a t e l l i t e  emerges from e c l i p s e  and t h e  measured 

f i e l d  i s  a g a i n  comparable  t o  t h e  f i e l d  b e f o r e  e c l i p s e .  

De te rmina t ion  of P a r a l l e l  O f f s e t s  i n  t h e  E c l i p s e  S t a t e .  

In c o n t r a s t  t o  t h e  s i t u a t i o n  f o r  t h e  t r a n s v e r s e  s e n s o r ,  t h e r e  i s  
. . 1 - * : .  r - 8 . -  , ? . - & I -  - .I - r A - A  .-- - -  A L -  - . c c - - A  ;- + h n  

I IU C Y U U  l l Y 3 U  C. I 2  I S I C .  G U I  .y #JIG C I I V u  v I ub u b l  l r i  l t t  8 lsy u t # r  v n $ +r  u I I .  - a v -  

p a r a l l e l  s e n s o r .  The method we use  i s  based upon t h e  assumpt ion  

t h a t  t h e  n a t u r a l  f i e l d  w i l l  be t h e  same a t  a  f i x e d  p o i n t  i n  t h e  

magnetosphere  p rov ided  t h e  s o l a r  wind p a r a m e t e r s  remain f i x e d .  

The l o c a l  t ime  f o r  which t h e  e f f e c t s  of  changes i n  t h e s e  p a r a m e t e r s  

w i l l  be t h e  l e a s t  i n  t h e  synchronous  o r b i t  i s  a t  l o c a l  noon. Thus ,  

we t a k e  t h e  a v e r a g e  of t h e  f i e l d  measurements i n  t h e  p a r a l l e l  s en -  

s o r  a t  l o c a l  noon on q u i e t  days f o r  a  g iven  s t a t e  of t h e  s p a c e -  

c r a f t .  O n  t h e  b a s i s  of  p r e v i o u s  r e p o r t s ,  S u g i u r a  e t  a l .  ( 1 9 7 0 ) ,  

F a . i r f i e l d  (1968)  and R u s s e l l  ( 1 9 7 0 ) ,  we t a k e  t h e  f i e l d  a t  t h i s  

p o i n t  t o  be a b o u t  120 gamma. The d i f f e r e n c e  between t h i s  v a l u e  

and o u r  o b s e r v a t i o n s  i s  t h e  c o r r e c t i o n  t o  be a p p l i e d  t o  t h e  p a r a l l e l  

component f o r  t h i s  s p a c e c r a f t  s t a t e .  

Abso lu te  C o r r e c t i o n  f o r  Three  Equinoxes .  The r e s u l t s  o f  



o u r  d e t e r m i n a t i o n  of a b s o l u t e  c o r r e c t i o n s  f o r  t h r e e  s u c c e s s i v e  

equ inoxes  a f t e r  l aunch  a r e  shown i n  Tab le  2 .  Th i s  c o r r e c t i o n  

v e c t o r  d i f f e r s  from t h e  example above because  c f  a  d i f f e r e n c e  i n  

s p a c e c r a f t  s t a t e .  The s t a n d a r d  d e v i a t i o n s  shown f o r  each com- 

ponent  of t h e  c o r r e c t i o n  v e c t o r  r e p r e s e n t  t h e  v a r i a t i o n  i n  t h e  

o f f s e t  f o r  a b o u t  10 s e p a r a t e  measurements .  The l a r g e  a b s o l u t e  

v a r i a t i o n  i n  t h e  Z component of t h e  c o r r e c t i o n  v e c t o r  i s  due t o  t h e  

e f f e c t s  of d i f f e r i n g  s o l a r  wind p a r a m e t e r s  on supposed ly  s i m i l a r  

q u i e t  d a y s .  I t  shou ld  be noted  t h a t  t h e  p e r c e n t  e r r o r  i n  a l l  

t h r e e  c o r r e c t i o n s  a r e  comparable .  A l s o ,  we n o t e  t h a t  t h e  ambient  

f i e l d  a t  ATS 1  t y p i c a l l y  has  p e r p e n d i c u l a r  and p a r a l l e l  components 

of  25 and 100 gamma. C o n s e q u e n t l y ,  t h e  p e r c e n t  e r r o r s  i n  t h e  

r n r r o r t o r l  f i p l d  r n m n n n ~ n t c  a r ~  n n t  c i n n i f i r a n f l v  A i f f ~ r ~ n t  
" -, 

I t  i s  a l s o  i m p o r t a n t  t o  n o t e  t h a t  t h e  t h r e e  s u c c e s s i v e  d e t e r -  

m i n a t i o n s  of o f f s e t s  a r e  t h e  same w i t h i n  t h e  i n d i c a t e d  e x p e r i m e n t a l  

e r r o r .  As a  consequence ,  we have c o n s i d e r a b l e  c o n f i d e n c e  i n  t h e  

v a l u e s  o b t a i n e d .  

S p a c e c r a f t  S t a t e s  and A s s o c i a t e d  C o r r e c t i o n  Vec to r s  

De te rmina t ion  - of S p a c e c r a f t  S t a t e .  As mentioned p r e -  

v i o u s l y ,  t h e  s t a t e  of t h e  s p a c e c r a f t  changes f r e q u e n t l y  a s  commands 

a r e  s e n t  t u r n i n g  t h e  v a r i o u s  subsys tems  on and o f f .  The c u r r e n t s  

f l o w i n g  e i t h e r  i n  t h e  c i r c u i t s  of t h e  s p i n n i n g  s p a c e c r a f t  o r  i n  

t h e  i n e r t i a l l y  f i x e d  s o l a r  c e l l s  change due t o  d i f f e r e n t  power r e -  

q u i r e m e n t s .  Thus,  f o r  each new s t a t e  of t h e  s p a c e c r a f t  a  new 

c o r r e c t i o n  v e c t o r  i s  r e q u i r e d .  

A n  exampie of t h e  e f f e c t s  of  t h e s e  changes i s  shown i n  t h e  r i g h t  

panel  of F ig .  3 .  The r a t e  a t  which t h e s e  changes o c c u r  as  wel l  a s  t h e  
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magnitude of t h e i r  e f f e c t s  c r e a t e s  a  s e r i o u s  problem. In o u r  

i n i t i a l  a t t e m p t s  t o  f i n d  c o n s i s t e n t  c o r r e c t i o n  v e c t o r s  f o r  v a r i o u s  

s t a t e s ,  we d i s c o v e r e d  t h a t  a l m o s t  a l l  of t h e  communicat ions s u b -  

sys t ems  a s  wel l  a s  t h e  c loud camera a f f e c t  t h e  s p a c e c r a f t  f i e l d .  

In a d d i t i o n ,  we have found t h a t  i n  some c a s e s  t h e  o r d e r ,  i . e . ,  

t ime h i s t o r y ,  of t h e  commands i s  i m p o r t a n t .  

As a r e s u l t  of t h e s e  o b s e r v a t i o n s ,  we found i t  n e c e s s a r y  t o  

c r e a t e  a  comple te  t ime  h i s t o r y  of t h e  s p a c e c r a f t  s t a t e .  S i n c e  a  

comple te  l o g  of a l l  commands s e n t  t o  t h e  s p a c e c r a f t  i s  k e p t  by t h e  

ATS o p e r a t i o n s  o f f i c e  of Goddard Space F l i g h t  C e n t e r ,  i t  was 

p o s s i b l e  t o  c r e a t e  such a  h i s t o r y .  Our i n i t i a l  a t t e m p t s  t o  d o  t h i s  

f a i l e d ,  however. We found t h a t  o u r  f i n a l  keypunched v e r s i o n  of t h e  
-. . 

r n m m a n n  i n n  n a n  i n n ~ ~ r n r r r t n ' r  P r r - r ' o r . 5 .  I r ~ e b c !  e r . r . c ~ r . s  wer e L U I I > ~ U U ~ I I L C S  

of human m i s t a k e s  i n  e v e r y  s t e p  of t h e  p r o c e s s  of p roduc ing  t h e  

l o g .  The f i r s t  two s t e p s  were r e l a t i v e l y  s i m p l e .  We checked f o r  

v a l i d  command numbers and t ime sequence .  A f t e r  t h i s  s t e p  we 

developed a  s p a c e c r a f t  s t a t e  s i m u l a t i o n  program. 



The purpose  of t h i s  program was t o  d e t e c t  i n c o n s i s t e n c i e s  i n  t h e  

sequence  of commands. For example,  a  command t o  change t h e  

mode of a  subsys tem which was supposed ly  o f f  i s  i n c o n s i s t e n t .  

In o r d e r  t o  remove i n c o n s i s t e n c i e s  such as  t h e  one i n  t h e  

p r e c e d i n g  example ,  we found i t  n e c e s s a r y  t o  scan  both t h e  l a t e r  

l o g  and t h e  u n c o r r e c t e d  magnetometer  d a t a .  When a  number of 

o t h e r  commands m a n i p u l a t i n g  t h e  same subsys tem were found ,  i t  

was assumed t h a t  a  command was m i s s i n g  from t h e  l o g .  I f  t h e  

command was one which was known t o  a f f e c t  t h e  magnetometer ,  t h e  

u n c o r r e c t e d  d a t a  were scanned t o  l o c a t e  t h e  t ime  t h e  command 

must have been s e n t .  

In many c a s e s ,  commands were added o r  d e l e t e d  i n  o r d e r  

+ h  -,,.-A -, ^ ^ - ^ ; - L ^ . # L  - - - - - . - A  1 - -  T ,. . . - "  r - - - - . -  - v v r s r  8 4 u r l v  u b v l o t n t & u z i u  I V Y .  i l l  u ~ I U I I i U C I  U I L a 3 C 3  L l l C  

d e c i s i o n  of h o w  t o  remove t h e  i n c o n s i s t e n c y  o r  where t o  p l a c e  

t h e  pseudo-command was a r b i t r a r y .  

The above p r o c e d u r e ,  w h i l e  c r e a t i n g  a  c o n s i s t e n t  l o g ,  can-  

n o t  g u a r a n t e e  a  c o m p l e t e l y  a c c u r a t e  one .  F o r t u n a t e l y ,  most of 

t h e s e  problems i n v o l v e  subsys tems whose s t a t e s  were changed a  

number of t i m e s  p e r  day s o  t h a t  any e r r o r s  i n  t h e  s t a t e  do n o t  

p e r s i s t .  In a d d i t i o n ;  such e r r o r s ,  i f  t h e y  a f f e c t  t h e  mag- 

n e t o m e t e r ,  become e v i d e n t  i n  t h e  f i n a l ,  c o r r e c t e d  d a t a  and 

a p p r o p r i a t e  c o r r e c t i o n s  can be made t o  t h e  s p a c e c r a f t  s t a t e .  

S e v e r a l  pages from o u r  c u r r e n t  l i s t i n g  of t h e  s p a c e c r a f t  

s t a t e  l o g  a r e  shown i n  T a b l e  3 .  Note t h e s e  pages i n c l u d e  t h e  

t ime  i n t e r v a l  of t h e  e c l i p s e  of F i q u r e  2 .  In  t h e  box a t  t h e  

t o p  l e f t  of t h e  page i s  a  t e x t u a l  d e s c r i p t i o n  of t h e  



s p a c e c r a f t  s t a t e  a t  t h e  t ime  of t h e  f i r s t  command l i s t e d .  A t  

t h e  t o p  r i g h t  of t h e  box i s  an i n t e r p r e t a t i o n  of t h e  l i s t i n g .  

S u c c e s s i v e  t i m e s  down t h e  page a r e  t i m e s  t h e  commands i n  t h e  

second column were s e n t .  The t h i r d  column i n t e r p r e t s  t h e  

command number. The nex t  f o u r  columns g i v e  a  t e x t u a l  d e s c r i p -  

t i o n  of t h e  s t a t e  of t h e  major  subsys tems .  The n e x t  column, 

c o n t a i n i n g  t h r e e  groups  of e i g h t  c h a r a c t e r s ,  i s  a  hexadecimal 

l i s t i n g  of t h e  s p a c e c r a f t  s t a t e  v e c t o r .  When t h i s  v e c t o r  i s  

expanded i n t o  a  b i n a r y  number, t h e  s u c c e s s i v e  b i t s  r e p r e s e n t  

on -o f f  s t a t e s  of t h e  v a r i o u s  subsys tems a s  wel l  a s  t h e  o r d e r  

i n  which some of  t h e s e  were t u r n e d  on .  The n e x t  column i s  a  

f l a g  p r e s e n t l y  n o t  used .  The f i n a l  t h r e e  columns a r e  t h e  t h r e e  

C . o l l l l ~ o l i t ? l l  i.5 o i  L ~ I P  ( . o r . r . r ' [ . r .  i o r )  V P ( . I  o r  w n i  r - n  r n l l q i -  n p  a n n w n  r o  1 n r  

measured f i e l d  t o  o b t a i n  t h e  a c t u a l  f i e l d  f o r  t h e  s t a t e .  The 

f l a g  3333.3  i n d i c a t e s  t h e  c o r r e c t i o n  i s  n o t  p r e s e n t l y  known. 

A d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h i s  1  i s t i n g  i s  c o n t a i n e d  i n  

T a b l e s  4 and 5 .  In T a b l e  4 a l l  p o s s i b l e  commands s e n t  t o  t h e  

s p a c e c r a f t  a r e  l i s t e d  i n  i n c r e a s i n g  o r d e r  ( n o t e  t h e i r  o c t a l  b a s e ) .  

In Tab le  5 we g i v e  a  comple te  d e s c r i p t i o n  of t h e  s p a c e c r a f t  s t a t e  

v e c t o r  and i t s  i n t e r p r e t a t i o n .  

As a  measure of t h e  magnitude of t h e  t a s k  d i s c u s s e d  above ,  

i t  s h o u l d  be no ted  t h a t  d u r i n g  t h e  f i r s t  two y e a r s  of  o p e r a t i o n s  

t h e r e  were 60 ,000 commands s e n t  t o  t h e  s p a c e c r a f t .  

De te rmina t ion  of R e l a t i v e  O f f s e t s .  Once t h e  s t a t e  v e c t o r  

was k n o w n  i t  became p o s s i b l e  t c  d e t e r m i n e  t h e  changes  i n  t h e  

f i e l d  a s  t r a n s i t i o n s  between s t a t e s  o c c u r r e d .  C o n c e p t u a l l y ,  



t h e  p rocedure  i s  s i m p l e .  R e f e r r i n g  t o  F i g u r e  3 ,  a l l  t h a t  i s  

n e c e s s a r y  i s  t o  measure t h e  changes i n  each component of t h e  

f i e l d  d u r i n g  t h e  t r a n s i t i o n .  In p r a c t i c e ,  t h e  l a r g e  number of  

s t a t e s  and e r r o r s  i n  t h e  measurements  make t h i s  an a lmos t  impos- 

s i  b l e  t a s k  w i t h o u t  computer a s s i s t a n c e .  

The automated  p rocedure  which we developed i s  t h e  f o l l o w -  

i n g .  Using a d a t a  s e t  ( i n  t h i s  c a s e  d i s k  s t o r a g e )  c o n t a i n i n g  

t h e  s t a t e  v e c t o r ,  we r ead  th rough  t h e  u n c o r r e c t e d  magnet ic  f i e l d  

d a t a  t a p e s .  A t  each p o i n t  where a  t r a n s i t i o n  o c c u r r e d  t h e  d a t a  

were r ead  i n t o  c o r e  memory. S i n c e  t h e  a c c u r a c y  of t h e  command 

l o g  i s  o n l y  + 5  - seconds  and t h e  magnetometer  t ime  r e s o l u t i o n  i s  

0 .16  s e c o n d s ,  i t  was n e c e s s a r y  t o  l o c a t e  t h e  e x a c t  t ime  of t h e  

^c.Cr^+ T C  C l - 2  - 1 . . * ... I l l l l l J  * t l t l L  Y Y U J  ; " L Q L ~ - u .  a v e r  flues o i  i - 1 1 ~  r ~ l ~ a ~ l l ~ p ~  ~ 3 ~ 1 ~ 1  

v e c t o r  b e f o r e  and a f t e r  t h e  o f f s e t  were made and s u b t r a c t e d .  T h i s  

change i n  t h e  c o r r e c t i o n  v e c t o r  was r e c o r d e d  on an o u t p u t  d a t a  

s e t  a long  wi th  t h e  s t a t e  v e c t o r  b e f o r e  and a f t e r  t h e  o f f s e t .  I f  

no c l e a r  i n d i c a t i o n  of t h e  o f f s e t  was f o u n d ,  t h e  e v e n t  was d i s c a r d e d .  

S i m i l a r l y ,  i f  two t r a n s i t i o n s  o c c u r r e d  l e s s  than  5 seconds  a p a r t ,  

t h e  e v e n t  was a l s o  d i s c a r d e d .  

The p r e c e d i n g  d a t a  s e t  was t h e n  s o r t e d ,  f i r s t  a c c o r d i n g  t o  

i n i t i a l  s t a t e  and then  a c c o r d i n g  t o  f i n a l  s t a t e ,  and f i n a l l y  by 

t h e  magnitude of t h e  o f f s e t  i n  t h e  Z component. T h i s  d a t a  s e t  

was then  scanned us ing  t h e  U C L A  i n t e r a c t i v e  c o n s o l e  sys t em.  

Events  f o r  which t h e  magnitude of t h e  o f f s e t  i n  any of t h e  t h r e e  

components was r a d i c a l l y  d i f f e r e n t  f rcm t h e  t y p i c a l  v a l u e s  f o r  t h e  

group were d e l e t e d  manual ly .  The e d i t e d  d a t a  s e t  was then  p r o c e s s e d  

by computer ,  c r e a t i n g  a v e r a g e s  and s t a n d a r d  d e v i a t i o n s  f o r  each 
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group c o n t a i n i n g  t h e  same i n i t i a l  and f i n a l  s t a t e s .  The s t a n d a r d  

d e v i a t i o n  f o r  each  group was t h e n  used t o  r e j e c t  any v a l u e s  more 

than  1  s t a n d a r d  d e v i a t i o n  away from t h e  mean f o r  t h e  group.  

F i n a l l y ,  a v e r a g e s  and s t a n d a r d  d e v i a t i o n s  were de te rmined  f o r  

each  group i n  t h e  f i n a l  v e r s i o n  of t h e  d a t a  s e t .  

The j u s t i f i c a t i o n  f o r  t h e  above p rocedure  i s  based o n  

t h e  o b s e r v a t i o n  t h a t  many of t h e  c a l c u l a t e d  o f f s e t s  were c l e a r l y  

i n  e r r o r .  These e r r o r s  were due t o  d i f f i c u l t i e s  i n  l o c a t i n g  t h e  

e x a c t  t ime  05  o f f s e t ,  t r a n s i e n t  f i e l d s  d u r i n g  t h e  change i n  

s t a t e ,  and n a t u r a l  f l u c t u a t i o n s  i n  t h e  f i e l d .  

De te rmina t ion  of Most F requen t  S t a t e s .  An  examina t ion  

of t h e  d a t a  s e t  of a v e r a g e  o f f s e t  v e c t o r s  between v e c t o r  s t a t e s  

.,-..,- 1 - J  L L , L  L1--.-- - . -  . , . . . .  . ,  . . a .  , & V  Lr. r L u  r a g u r r  C L I L I  L Y V L I  L I I I U I I . ~  J ~ U G C  ~i a113 1 L LUi ia  L I I ~  L U l U l l U L  

change t h e  s p a c e c r a f t  f i e l d .  O n  t h e  b a s i s  of t h e s e ,  we were 

a b l e  t o  d e t e r m i n e  which subsys tems were u n i m p o r t a n t .  T h i s ,  i n  

turn ,  a l lowed us t o  "mask" c e r t a i n  b i t s  i n  t h e  s p a c e c r a f t  s t a t e  

v e c t o r  a s  un impor tan t  ( r e f e r  t o  Tab le  3 f o r  e x p l a n a t i o n  of v e c t o r ) .  

The nex t  s t e p  i n  t h e  p rocedure  was t o  r ead  th rough  t h e  

s t a t e  v e c t o r  t a p e ,  d e t e r m i n i n g  t h e  t o t a l  l e n g t h  of  t ime t h e  

s p a c e c r a f t  e x i s t e d  i n  each s t a t e .  In t h i s  p r o c e s s  we used t h e  

" e q u i v a l e n c e d "  s t a t e  v e c t o r s ,  i . e . ,  s t a t e  v e c t o r s  i n  which t h e  

un impor tan t  subsys tems were masked i n  t h e  s o r t i n g  p r o c e d u r e .  

A l i s t i n g  of t h e s e  s t a t e s  i s  g iven  i n  Tab le  6 .  These s t a t e s  

a r e  l i s t e d  a c c o r d i n g  t o  d e c r e a s i n g  t o t a l  t ime  t h e  s p a c e c r a f t  was 

i n  t h e  i n d i c a t e d  s t a t e .  The f i n a l  column of t h i s  t a b l e  i n d i c a t e s  

t h e  p e r c e n t  of  t h e  t o t a l  d a t a  t h a t  can be c o r r e c t e d  i f  a l l  t h e  

c o r r e c t i o n  v e c t o r s  t o  t h i s  p o i n t  i n  t h e  t a b l e  a r e  known. 



I t  i s  e v i d e n t  from examina t ion  of Tab le  G t h a t  95% of t h e  

d a t a  can he c o r r e c t e d  w i t h  on ly  4 5  of t h e  s t a t e  v e c t o r s  known. 

C l e a r l y ,  t h e r e  i s  a  p o i n t  of d i m i n i s h i n g  r e t u r n  i n  which t h e  

l a b o r  i n v o l v e d  i n  deter i r l ining t h e  c o r r e c t i o n  i s  more 1 eng thy  

t h a n  t h e  amount of d a t a  g a i n e d .  T h e  heavy l i n e  a c r o s s  t h e  

t ab1  e  r e p r e s e n t s  ou r  a r b i t r a r y  c u t o f f  p o i n t .  

De te rmina t ion  of Abso lu te  C o r r e c t i o n  Vectors  f o r  Most 

F requen t  S t a t e s .  Using T a b l e  6 ,  we have been s y s t e m a t i c a l l y  

d e t e r m i n i n g  t h e  c o r r e c t i o n  v e c t o r s  f o r  s t a t e s  of d e c r e a s i n g  

t o t a l  d u r a t i o n .  Our method i s  a  manual one and p roceads  a s  
- - -  .. . . . . .  - - * 
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mode de te rmined  as  d i s c u s s e d  p r e v i o u s l y .  We then  use t h e  

l i s t i n g  of s t a t e  t r a n s i t i o n s  and a s s o c i a t e d  changes i n  t h e  

c o r r e c t i o n  v e c t o r  t o  d e t e r m i n e  t h e  c o r r e c t i o n  v e c t o r  f o r  n e a r l y  

i d e n t i c a l  s t a t e s .  P roceed ing  i n  t h i s  way, we e s t a b l i s h  a t r e e  

of r e l a t e d  s t a t e s  and t h e i r  a b s o l u t e  c o r r e c t i o n  v e c t o r s .  

C l e a r l y ,  a s  s t a t e s  become p r o g r e s s i v e l y  more d i s t a n t  from 

t h e  e c l i p s e  s t a t e ,  t h e  e r r o r s  i n  t h e  a b s o l u t e  c o r r e c t i o n  v e c t o r  

become l a r g e r .  However, t h e  f a c t  t h a t  s i n g l e  commands t u r n  o f f  

a  number of subsys tems s imu1 taneous ly  g u a r a n t e e s  t h a t  n o  s t a t e  

i s  t o o  d i s t a n t .  . 
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C o r r e c t i o n  P rocedure .  - The d a t a  s e t  c o n t a i n i n g  t h e  s t a t e  

v e c t o r  and a s s o c i a t e d  c o r r e c t i o n  v e c t o r s  i s  s u f f i c i e n t  informa-  

t i o n  t o  c o r r e c t  t h e  d a t a  a t  15 second t ime r e s o l u t i o n .  A d a t a  

t a p e  c o n t a i n i n g  u n c o r r e c t e d  magne t i c  f i e l d  d a t a  a t  0 .16 t ime 

r e s o l u t i o n  i s  r ead  i n t o  t h e  computer memrory. F i f t e e n  second 

a v e r a g e s  of each measured f i e l d  component a r e  c r e a t e d .  A 

comparison of t h e  t ime of t h i s  a v e r a g e  t o  t h e  s t a t e  v e c t o r  

l i s t i n g  d e t e r m i n e s  t h e  a p p r o p r i a t e  c o r r e c t i o n  v e c t o r  t o  be 

added t o  t h e  c a l c u l a t e d  a v e r a g e s .  The p a r t i c u l a r  ave rage  i n -  

c l u d i n g  t h e  t ime  of t r a n s i t i o n  between s t a t e s  i s  f l a g g e d .  

The c o r r e c t e d  f i e l d s  a r e  o b t a i n e d  i n  s p a c e c r a f t  c o o r d i n a t e s  

2 -  h h  h 7 c 1 1  t n  f h n  c s t n l l i f n  c n i n  ; l y i q  t h e  
, , a  ,.,. ' - 8 .  " . . -  - -,..... . -  r - - 

sun v e c t o r  l i e s  i n  t h e  X Z  p l a n e ,  and t h e  Y a x i s  comple tes  t h e  

r i g h t - h a n d e d  sys t em.  Note t h e  s p a c e c r a f t  i s  l o c a t e d  i n  t h e  

e a r t h ' s  e q u a t o r i a l  p l a n e  w i t h  i t s  s p i n  a x i s  a s  c l o s e  t o  p a r a l l e l  

t o  t h e  e a r t h ' s  r o t a t i o n  a x i s  a s  p o s s i b l e .  Consequen t ly ,  t h e  

X Y Z  c o o r d i n a t e  sys tem of s p a c e c r a f t  c o o r d i n a t e s  i s  e q u i v a l e n t  

t o  g e o c e n t r i c  s o l a r  e a r t h  e q u a t o r i a l  c o o r d i n a t e s  ( R u s s e l l ,  1 9 7 1  ) .  

I n  t h e  X Y Z  sys tem t h e  c o o r d i n a t e  axes  r o t a t e  once e v e r y  2 4  hours  

wi th  r e s p e c t  t o  a  magne t i c  mer id ian  p l a n e .  Consequen t ly ,  t h e  

d a t a  a r e  t r a n s f o r m e d  t o  t h e  r o t a t i o n a l  V D H  c o o r d i n a t e  sys t em.  

I n  t h i s  sys tem H i s  s t i l l  p a r a l l e l  t o  t h e  s a t e l l i t e  s p i n  a x i s  

a s  was t h e  Z a x i s  of t h e  X Y Z  sys t em.  The V a x i s  i s  r a d i a l l y  

outward and D i s  a z i m u t h a l l y  eas tward  i n  t h e  e q u a t o r i a l  p l a n e .  

In t h i s  r o t a t i o n a l  V D H  sys tem t h e  d i p o l e  f i e l d  a t  ATS 1  has 
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c o n s t a n t  components  o f  ( - 7 ,  2 2 ,  1 0 7 ) .  These  c o n s t a n t  o f f s e t s  a r e  

somewhat i n c o n v e n i e n t  s o  a n o t h e r  t r a n s f d r m a t i o n  i s  made t o  p r o -  

duce  t h e  d i p o l e  V D H  s y s t e m  ( R u s s e l l ,  1 9 7 1 ) .  In  t h i s  s y s t e m  H 

i s  a n t i p a r a l l e l  t o  t h e  e a r t h ' s  m a g n e t i c  d i p o l e  a x i s  and V r a d i a l l y  

ou twa rd  i n  t h e  m a g n e t i c  e q u a t o r i a l  p l a n e .  S i n c e  t h e  l o c a t i o n  o f  

ATS 1  a t  150"  W l o n g i t u d e  i s  a l m o s t  e x a c t l y  a t  t h e  i n t e r s e c t i o n  o f  

t h e  r o t a t i o n a l  and m a g n e t i c  e q u a t o r i a l  p l a n e s  t h i s  t r a n s f o r m a t i o n  

i s  n e a r l y  an 11"  r o t a t i o n  a b o u t  t h e  V a x i s .  In  a d d i t i o n  t o  t h e  

a b o v e ,  a n o t h e r  t r a n s f o r m a t i o n  i s  made when t h e  s p a c e c r a f t  s p i n  

a x i s  i s  n o t  p a r a l l e l  t o  t h e  e a r t h ' s  r o t a t i o n  a x i s .  T h i s  t r a n s -  

f o r m a t i o n  i s  a p p l i e d  i m m e d i a t e l y  a f t e r  c o r r e c t e d  f i e l d  v a l u e s  a r e  

o b t a i n e d  i n  s p a c e c r a f t  c o o r d i n a t e s  and c o n v e r t s  t h e  f i e l d  t o  GSEE 

r n n r d i n a t ~ c  T h p  f n r m a t  n f  t h ~  f i n a l  c n r r o r t ~ d  d a t a  t a n ~ c  i <  

shown i n  T a b l e  7 .  

A n  example  o f  d a t a  c o r r e c t e d  by t h e  above  p r o c e d u r e s  i s  

shown i n  F i g u r e  3 .  The r i g h t - h a n d  pane l  shows t h e  u n c o r r e c t e d  

d a t a  and t h e  l e f t - h a n d  pane l  t h e  c o r r e c t e d  f i e l d  i n  d i p o l e  V D H  

c o o r d i n a t e s .  The V component  i s  a p p r o x i m a t e l y  -7  gamma, t h e  D 

component  n e a r l y  0 ,  and t h e  H component  a b o u t  1 1 5  gamma. The 

m i s s i n g  d a t a  a f t e r  0330 a r e  due t o  unknown c o r r e c t i o n  v e c t o r s  

a s s o c i a t e d  w i t h  s e v e r a l  t r a n s i t i o n  s t a t e s  o f  s h o r t  d u r a t i o n .  The 

p u l s e s  a p p a r e n t  i n  a l l  t h r e e  components  a r e  due  t o  t h e  s p i n  s c a n  

c l o u d  camera .  As d i s c u s s e d  i n  t h e  n e x t  s e c t i o n ,  we a r e  p r e s e n t l y  

u n a b l e  t o  c o r r e c t  t h e s e  p u l s e s .  We a l s o  n o t e  t h a t  t h e  c o r r e c t i o r ~  

a t  0344 i s  n o t  q u i t e  r i g h t .  



Another  example of a u t o m a t i c a l l y  c o r r e c t e d  d a t a  i s  shown 

i n  F i g u r e  4 .  Here 2-112 minute  a v e r a g e s  f o r  t h e  e n t i r e  day have 

been p l o t t e d .  S p i k e s  i n  a l l  t h r e e  components a r e  t h e  e f f e c t s  of 

t h e  s p i n  scan  c loud  camera p u l s e s  shown i n  F i g u r e  3 a t  h i g h e r  

t ime r e s o l u t i o n .  I n f r e q u e n t  smal l  o f f s e t s  i n  t h e  t h r e e  com- 

ponents  a r e  consequences  of t u r n i n g  t h e  camera on o r  o f f ,  

F i n a l l y ,  t h e  l a r g e  o f f s e t s  i n  t h e  H component a r e  due t o  i n -  

c o r r e c t  c o r r e c t i o n  v e c t o r s  a s s o c i a t e d  wi th  t h e  VMF t r a n s m i t t e r s ,  

D e s p i t e  t h e  remain ing  d i f f i c u l t i e s  t h e  d a t a  p l o t t e d  i n  F igure  4 

r e p r e s e n t  a  c o n s i d e r a b l e  ach ievement .  To o b t a i n  s i m i l a r  b u t  

l e s s  a c c u r a t e  r e s u l t s  by o u r  p r e v i o u s  hand c o r r e c t i o n s  would i n -  

V ~ I V P  m n r ~  r n a n  a W P P K  n ~  ~ a n n r  I n ~  r n  I r n w ~ n n  ? P C - I  i o r ~  t r ;  \ (  l ~ \ s r s  

t h e  remain ing  problems t o  be s o l v e d .  



Remaining Prob lems  

S e v e r a l  p rob lems  i n  t h e  a u t o m a t i c  c o r r e c t i o n  o f  d a t a  remained  

t o  be s o l v e d .  The most  s e r i o u s  o f  t h e s e  i s  t h e  e f f e c t s  due t o  

t h e  s p i n  c l o u d  camera .  The camera  t a k e s  a p p r o x i m a t e l y  2 2  m i n u t e s  

t o  c o m p l e t e  a  s c a n .  Then d u r i n g  2 - 1 / 2  m i n u t e s  i t  r e s e t s  f o r  a n o t h e r  

s c a n .  F a i r l y  l a r g e  o f f s e t s  a r e  a s s o c i a t e d  w i t h  t h e  r e s e t  mode. 

Somewhat s m a l l e r  o f f s e t s  a r e  a s s o c i a t e d  w i t h  t u r n i n g  t h e  camera 

on and o f f .  The m a g n e t i c  e f f e c t s  o f  t h e  r e s e t  mode have been 

found  t o  be f u n c t i o n s  o f  u n i v e r s a l  t i m e .  T h i s  a p p a r e n t l y  r e s u l t s  

f rom t h e  f a c t  t h a t  t h e  camera o p e r a t i o n  i s  s y n c h r o n i z e d  i n  such  

a  way a s  t o  o b t a i n  t h e  p i c t u r e  o f  t h e  e a r t h  a t  any l o c a l  t i m e .  

I n  o t h e r  w o r d s ,  t h e  m a g n e t i c  e f f e c t s  a r e  o r g a n i z e d  i n  t h e  r o -  

T a r l n n a l  \ / ! IH C v c l - o m  r a + h n r  t h a n  f h n  Y V /  r \ ~ r + n m  h 3 r n r - I  nn  f h n  r l t n  - - " 

v e c t o r .  However, o u r  c o r r e c t i o n  p r o c e d u r e s  must  be c a r r i e d  o u t  

on d a t a  i n  t h e  X Y Z  s y s t e m .  

A n o t h e r  p rob lem i s  t h a t  t h e  a c t u a l  t i m e  between s c a n s  i s  

n o t  c o n s t a n t  i n t e r v a l  b u t  a  c o n s t a n t  number o f  s p a c e c r a f t  

r o t a t i o n s .  C o n s e q u e n t l y ,  t h e  r e p e t i t i o n  p e r i o d  v a r i e s  w i t h  

t h e  s p i n  r a t e .  

S t i l l  a n o t h e r  p rob lem i s  t h e  f a c t  t h a t  t h e  camera  s t a r t s  

o r  s t o p s  w h e r e v e r  i t  i s  i n  i t s  c y c l e  when an on o r  o f f  command 

i s  r e c e i v e d .  T h i s  makes i t  p a r t i c u l a r l y  d i f f i c u l t  t o  p r e d i c t  

when t h e  f i r s t  r e s e t  mode w i l l  o c c u r .  

The V H F  t r a n s m i t t e r s  on t h e  s p a c e c r a f t  a l s o  c a u s e  con-  

s i d e r a b l e  d i f f i c u l t y .  As power t o  t h e s e  i s  t u r n e d  o n ,  l a r g e  

o f f s e t s  occlr r  which decay  a s y m p t o t i c a l l y  i n  a b o u t  1 5  minlr tes  



t o ' a  s m a l l e r  o f f s e t .  In a d d i t i o n ,  t r a n s i t i o n s  between s t a t e s  ap-  

p e a r  t o  be c o n s i d e r a b l y  more v a r i a b l e  when t h e  V H F  t r a n s m i t t e r s  

a r e  on .  

IV. CALCULATION O F  P O W E R  S P E C T R A  USING D A T A  WITH VARIOUS T Y P E S  
O F  INTERFERENCE 

Types of I n t e r f e r e n c e .  As d i s c u s s e d  i n  t h e  i n t r o d u c t i o n ,  

t h e r e  a r e  a  number of forms of  s p a c e c r a f t  i n t e r f e r e n c e  which ap-  

pea r  i n  t h e  o u t p u t  of  t h e  magnetometer .  These i n c l u d e  t h e  D C  

o f f s e t s  d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n ,  d a t a  g a p s ,  n o i s e  s p i k e s  

and p e r i o d i c  s i g n a l s .  Each of  them i n t r o d u c e s  d i f f i c u l t i e s  when 

an a t t e m p t  i s  made t o  c a l c u l a t e  power s p e c t r a .  We have f o u n d ,  how- 

e v e r ,  t h a t  a  r e l a t i v e l y  s imple  p rocedure  e n a b l e s  us t o  d e r i v e  most 

of t h e  s p e c t r a l  i n f o r m a t j c n  w i t h o u t  t h e  n e c e s s i t y  of  i n i t i a l  c o r -  

r e c t i o n s .  The n a t u r e  of  t h e s e  d i f f i c u l t i e s  and o u r  p r o c e d u r e s  

a r e  d i s c u s s e d  be1 ow. 

F i g u r e  5 d i s p l a y s  magnetometer  d a t a  a t  t h e  h i g h e s t  meaningful  

t ime  r e s o l u t i o n  0 . 3 2  seconds .  In t h i s  f i g u r e  t h e  v e r t i c a l  s c a l e  i s  

5 gammas p e r  d i v i s i o n  and t h e  h o r i z o n t a l  s c a l e  i s  5 .12  seconds  pe r  

d i v i s i o n .  T h i s  c h o i c e  of h o r i z o n t a l  s c a l e  i s  de te rmined  by t h e  

s a t e 1  1  i  t e  t e l e m e t r y  r a t e  which comple te s  o k  sequence  p e r  5 . 1 2  

s e c o n d s .  In each sequence  t h e r e  a r e  s i x t e e n  0 .32-second a v e r a g e s .  

A t  t h e  bottom of  t h e  f i g u r e ,  t e x t u a l  m a t e r i a l  p r e s e n t s  t ime  and 

1 . 2 8  second a v e r a g e s  of each component of  t h e  measured f i e l d .  The 

c o o r d i n a t e  sys tem i s  e s s e n t i a l l y  g e o c e n t r i c  s o l a r  e a r t h  e q u a t o r i a l  

c o o r d i n a t e s  a s  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  

One t y p e  o f  i n t e r f e r e n c e  o c c u r s  a t  0 3 3 5 : 0 0 . 8  where t h e r e  i s  

a  D C  o f f s e t  i n  a l l  t h r e e  components of t h e  f i e l d .  T h i s  o f f s e t  
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s h o u l d  be compared t o  t h e  same o f f s e t  p l o t t e d  a t  1 5  s econd  t i m e  

r e s o l u t i o n  i n  F i g u r e  3 .  S p e c t r a l  a n a l y s i s  o f  raw d a t a  c o n t a i n i n g  

s u c h  o f f s e t s  r e s u l t s  i n  s p e c t r a  which show l i t t l e  b e s i d e s  t h e  

F o u r i e r  r e s o l u t i o n  of  a  s e q u e n c e  o f  random s t e p  f u n c t i o n s .  

Ano the r  t y p e  o f  i n t e r f e r e n c e  a p p e a r s  a t  0335:31 . 5  where  a 

gap i n  t h e  d a t a  i s  f l a g g e d  by a  l a r g e  number.  S p e c t r a l  a n a l y s i s  

o f  t h e  raw d a t a  would s i m p l y  g i v e  t h e  F o u r i e r  r e s o l u t i o n  o f  a 

l a r g e  p u l s e .  A s i m i l a r ,  t hough  l e s s  i m p o r t a n t  p rob lem o c c u r s  a t  

0333 :51 .6  where  a  s m a l l  n o i s e  s p i k e  i n  t h e  Y component a p p e a r s .  

S t i l l  a n o t h e r  p rob lem i s  a  h i g h  f r e q u e n c y  i n t e r f e r e n c e  s i g n a l  

o f  s e v e r a l  gamma a m p l i t u d e  p r e s e n t  t h r o u g h o u t  t h e  d a t a .  The s i g n a l  

i s  most  o b v i o u s  i n  t h e  Y component a s  a  ramp f u n c t i o n  o f  5 . 1 2  

. 7 1 7 r t : I !  J I  1 .  . I - . . : - -  
~ C L U I I U ; ,  U U I  Q L I U I I .  I I I C  I a l l tv  1 3  L I C ~ I  I y L U I  I c I U L C U  v i  I L I I  G I I L  U U W I I U U I  I L ~  

between t e l e m e t r y  s e q u e n c e s .  S i n c e  a  ramp f u n c t i o n  has  a  F o u r i e r  

s p e c t r u m  c o n t a i n i n g  a1 1  ha rmon ic s  of  t h e  r e p e t i t i o n  p e r i o d ,  t h e  

power s p e c t r u m  o f  t h e s e  d a t a  c o n t a i n s  a  s e q u e n c e  o f  harmonic  s p e c -  

t r a l  l i n e s  w i t h  t h e  f u n d a m e n t a l  a t  ( 1 / 5 . 1 2  H z ) .  

A s i m i l a r  i n t e r f e r e n c e  s i g n a l  a t  l o w e r  f r e q u e n c y  o c c u r s  o n l y  

i n  t h e  p a r a l l e l  ( Z )  component .  A t  0 3 3 5 : 1 6 . 2  a  two gamma j u m p  i n  

Z i s  t h e  b e g i n n i n g  o f  a  1 6  s e q u e n c e  ( 8 1 . 2  s e c )  ramp. S p e c t r a 1  

a n a l y s i s  o f  d e c i m a t e d  d a t a ,  i . e . ,  1 0  s e c o n d  a v e r a g e s ,  a l s o  p r o -  

d u c e s  h a r m o n i c a l l y  r e l a t e d  s p e c t r a l  l i n e s  due t o  t h i s  ramp. 

As d i s c u s s e d  i n  t h e  i n t r o d u c t i o n ,  t h e  s o u r c e  o f  t h e s e  i n t e r -  

f e r e n c e  s i g n a l s  i s  t h e  s p a c e c r a f t .  The prob lem i s  compounded by 

t h e  l a c k  of  a  boom f o r  t h e  m a g n e t o m e t e r .  The o r i g i n  o f  t h e  o f f s e t s  

p a r a l l e l  and t r a n s v e r s e  t o  t h e  s p i n  a x i s  was d i s c u s s e d  i n  t h e  
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p r e v i o u s  s e c t i o n .  The o r i g i n  of  n o i s e  s p i k e s  and d a t a  gaps i s  

u s u a l l y  t r a n s i e n t  f i e l d s  which t h e  b a s i c  magnetometer  responds  

t o  b u t  which a r e  most ly  f i l t e r e d  o u t  of  t h e  f i n a l  s i g n a l  by 

sampl ing  f i l t e r s .  As d i s c u s s e d  i n  a  r e p o r t  by Barry  and Snare  

( 1 9 6 6 )  t h e  high s e n s i t i v i t y  and wide dynamic range  of  t h e  mag- 

n e t o m e t e r  i s  ach ieved  through a  c o i l  sys tem which adds c o n s t a n t  

i n c r e m e n t s  of f i e l d  t o  t h e  s e n s o r  t o  keep i t  i n  c e n t e r  r a n g e .  I f  

a  t r a n s i e n t  f i e l d  f o r c e s  t h e  magnetometer  t o  change l e v e l s ,  i . e . ,  

add f i e l d  f o r  more than  t h e  t ime  between s u c c e s s i v e  r e a d o u t s  of 

t h e  l e v e l ,  t hen  a  gap i s  i n t r o d u c e d  i n  t h e  d a t a  wi th  t h e  b a s i c  

d a t a  p r o c e s s i n g  program. T h i s  i s  n e c e s s a r y  because  l e v e l s  a r e  

r ead  o u t  on ly  o n e - f o u r t h  a s  o f t e n  a s  t h e  b a s i c  magnetometer .  When 

r w n  C I I ~ ~ P C C ~ ~ I P  r o a n n ~ ~ r c  n r  r t ~ p  I P \ I P  I a r e  n i l - r o r n n r .  ~r i c n n r  

known where i n  t h e  i n t e r v e n i n g  f o u r  d a t a  p o i n t s  t h e  l e v e l  change 

o c c u r r e d .  I f  t h e  t r a n s i e n t  c a u s e s  t h e  l e v e l  t o  change t w i c e  

between r e a d o u t s  r e t u r n i n g  t o  i t s  o r i g i n a l  v a l u e ,  on ly  t h e  sampl ing  

f i l t e r s  r e c o g n i z e  t h i s  change and a  n o i s e  s p i k e  r e s u l t s .  

The e x a c t  o r i g i n  of t h e  p e r i o d i c  i n t e r f e r e n c e  s i g n a l s  has n o t  

been i n v e s t i g a t e d .  They a r e  a l m o s t  c e r t a i n l y  t h e  r e s u l t  of o t h e r  

env i ronmenta l  measurement e x p e r i m e n t s  whose o p e r a t i o n s  a r e  

s y n c h r o n i z e d  by t h e  s a t e l l i t e  t e l e m e t r y  r a t e .  For example ,  

p a r t i c l e  d e t e c t o r s  scan  energy  wi th  a  r e p e t i t i o n  p e r i o d  which i s  

a f i x e d  number of t e l e m e t r y  s e q u e n c e s .  



Techniques  of S p e c t r a l  A n a l y s i s  

The problems d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n  make i t  

i m p o s s i b l e  t o  per form s p e c t r a l  a n a l y s i s  on t h e  raw d a t a .  As a .  

consequence ,  we have developed s e v e r a l  s t r a t e g i e s  which a l l o w  us 

t o  avoid  t h e s e  problems.  The most s t r a i g h t f o r w a r d  of  t h e s e  i s  

t o  hand c o r r e c t  t h e  d a t a .  Th i s  p r o c e s s  i s  l a b o r i o u s  and a s  a  

consequence  l i m i t e d  t o  dec imated  d a t a ,  f o r  example,  15  second 

a v e r a g e s ,  where t h e r e  a r e  fewer  p o i n t s  needing  c o r r e c t i o n .  T h i s  

p r o c e s s  i s  c a r r i e d  o u t  by making a  p r i n t e r  p l o t  s i m i l a r  t o  t h a t  

shown i n  F i g u r e  5 f o r  t h e  dec imated  d a t a .  Times of  bad p o i n t s  

a r e  t h e n  i d e n t i f i e d ,  gaps i n t e r p o l a t e d ,  and o f f s e t s  measured ,  

T h i s  i n f o r m a t i o n  i s  keypunched and f e d  t o  a  c o n t r o l  program which 

m - r w i n r  n t t +  t h z  a n n w n n v i a + n  n n n w 3 + ; n n r  a +  t h e  + ; m n r  A n C n w m i n n d  - - . . . - - - - - 
- 1  - 1 -  - - -  - 1  - .  - - . - . . -  - - - - -  - - -  

by t h e  s c a n n i n g  p r o c e s s .  The t ime  s e r i e s  r e s u l t i n g  from t h i s  i s  

f r e e  of e r r o r s  s o  s p e c t r a l  a n a l y s i s  i s  c a r r i e d  o u t  i n  t h e  normal 

way. 

The second p r o c e d u r e  i s  more s u b t l e  and j u s t i f i e d  by mathe- 

m a t i c a l  t h e o r y  developed by Parzen  (1  9 6 2 ) .  I n t u i t i v e l y ,  i t  seems 

t h a t  i t  shou ld  be p o s s i b l e  t o  use  t h e  a v a i l a b l e  d a t a  i n  t ime, 

s e r i e s  c o n t a i n i n g  gaps t o  d e t e r m i n e  a  spec t rum.  The s t a n d a r d  

t e c h n i q u e  of s p e c t r a l  a n a l y s i s  d i s c u s s e d  by Blackman and Tukey 

( 1 9 5 8 )  beg ins  w i t h  t h e  d e t e r m i n a t i o n  of  t h e  c o r r e l a t i o n  f u n c t i o n s .  

For exampl e ,  

Here X r e p r e s e n t s  t h e  J t h  sample of some v a r i a b l e  i n  t h e  
j 

t ime s e r i e s  X .  For a  g iven  l a g  k t h e  c o r r e l a t i o n  f u n c t i o n  i s  

a s i n g l e  number de te rmined  by a  sum of c r o s s  p r o d u c t s  o v e r  t h e  
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' e n t i r e  t ime  s e r i e s .  I f  a  few p o i n t s  a r e  m i s s i n g  i n  t h e  t ime s e r i e s ,  

i t  w i l l  n o t  change t h e  c o r r e l a t i o n  f u n c t i o n  by much i f  t h e  no rmal i -  

z a t i o n  c o n s t a n t  1 / ( N - k )  i s  a d j u s t e d  t o  be t h e  t o t a l  number of 

a v a i  1 a b l e  c r o s s  p r o d u c t s .  

I f  t h e  c o r r e l a t i o n  f u n c t i o n  i s  c a l c u l a t e d  i n  t h e  p r e c e d i n g  

manner we can F o u r i e r  t r a n s f o r m  i t  w i t h o u t  f u r t h e r  problems and 

o b t a i n  t h e  power spec t rum.  I t  can be shown t h a t  t h i s  p rocedure  

i s  e n t i r e l y  e q u i v a l e n t  t o  t h a t  d e s c r i b e d  i n  t h e  paper  by Parz2n 

( 1 9 6 2 )  and i s  m a t h e m a t i c a l l y  j u s t i f i e d .  

I t  shou ld  be r e c o g n i z e d  t h a t  a l t h o u g h  t h i s  p r o c e s s  h a n d l e s  

g a p s ,  s p i k e s  and o f f s e t s  remain s e r i o u s  problems.  To dea l  w i th  

t h e s e  we have i n t r o d u c e d  an a d d i t i o n a l  s t e p  i n  t h e  d e t e r m i n a t i o n  

. .  q . . 7 -t a -  z I r : . - - r  ~ : r r ,  .,,,,, 
0 1  5 O t f C L r  d. YUc u c u  I 1 1  uy ~a I L U  I U L ~  119 L ~ I L  t t 8 4 - u t n L s  - . . .  - 
s e r i e s ,  s u b t r a c t i n g  t h e  j t h  p o i n t  from t h e  j + l t h  p o i n t  and 

d i v i d i n g  by t h e  t ime  s e p a r a t i o n .  T h i s  p r o c e s s  approx ima tes  t h e  

d e r i v a t i v e  o p e r a t i o n  a t  low f r e q u e n c i e s .  The f i r s t  d i f f e r e n c e  t ime  

s e r i e s  has z e r o  mean, o f f s e t s  a p p e a r  a s  s p i k e s ,  and s p i k e s  a p p e a r  

a s  a  p a i r  of o p p o s i t e l y  d i r e c t e d  s p i k e s .  Gaps widen and t h e  f l a g s  

a r e  s e t  t o  0 ( t h e  mean of t h e  f i r s t  d i f f e r e n c e  t ime s e r i e s ) .  In 

t h e  nex t  s t e p  we p a s s  through t h e  s e r i e s  s e t t i n g  a l l  s p i k e s  

l a r g e r  t h a n  a  s p e c i f i e d  v a l u e  t o  0.  This  new s e r i e s  has no r e -  

maining problems e x c e p t  gaps and may then  be ana lyzed  by t h e  

t e c h n i q u e  d e s c r i b e d  above .  The r e s u l t i n g  spec t rum must be c o r -  

r e c t e d ,  however,  f o r  t h e  e f f e c t s  of  t h e  f i r s t  d i f f e r e n c e  o p e r a t i o n .  

T h i s  i s  done by d i v i d i n g  each power s p e c t r a l  e s t i m a t e  by t h e  

r e c i p r o c a l  of t h e  s q u a r e  of t h e  t r a n s f e r  f u n c t i o n  of t h e  f i r s t  
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d i f f e r e n c e  o p e r a t o r .  T h i s  p r o c e s s  i s  c a l l e d  r e c o l o r i n g  and p r o -  

d u c e s  t h e  s p e c t r u m  o f  t h e  o r i g i n a l  u n d i f f e r e n c e d  d a t a .  

I t  s h o u l d  be p o i n t e d  o u t  t h a t  i n  a d d i t i o n  t o  e l i m i n a t i n g  t h e  

p rob l ems  o f  s p i k e s  and o f f s e t s  t h e r e  a r e  o t h e r  a d v a n t a g e s  a s  w e l l .  

For  example ,  g e o p h y s i c a l  s p e c t r a  t y p i c a l l y  have s t e e p  power 1 aw 

d e c r e a s e s  i n  power w i t h  i n c r e a s i n g  f r e q u e n c y .  The u s u a l  Blackman- 

Tukey t e c h n i q u e  o f  s p e c t r a l  a n a l y s i s  i s  p a r t i c u l a r l y  s e n s i t i v e  t o  

d i s t o r t i o n  o f  h i g h e r  f r e q u e n c y  e s t i m a t e s  by power a t  low f r e -  

q u e n c i e s .  The f i r s t  d i f f e r e n c e  o p e r a t i o n  e f f e c t i v e l y  d e c r e a s e s  

t h e  s l o p e  o f  t h e  s p e c t r u m .  For example ,  a  l / f Z  s p e c t r u m  o f  t h e  

o r i g i n a l  d a t a  becomes a  f l a t  s p e c t r u m .  

T h e r e  i s  one  r e m a i n i n g  l i m i t a t i o n  on t h e  above  p r o c e d u r e .  The 
# .  - 

i ( ~~~~~~~~~~~~~~v r r  I i b  e x ~ e e o  I I I U I  b i o w  Q I I ~  e ~ u c i l b  ; v c  IU U ~ C  

on a  compu te r .  A n  a l t e r n a t i v e  p r o c e d u r e  u s e s  t h e  f a s t  F o u r i e r  

t r a n s f o r m  ( F F T )  a l g o r i t h m  d e v e l o p e d  r e c e n t l y  by Codey and Tukey 

( 1 9 6 5 ) .  In  t h i s  p r o c e d u r e  t h e  f i r s t  d i f f e r e n c e  t i m e  s e r i e s  i s  

F o u r i e r  t r a n s f o r m e d  by t h e  F F T  a l g o r i t h m  and s p e c t r a  d e t e r m i n e d  

d i r e c t l y  f rom t h e  F o u r i e r  c o e f f i c i e n t s .  The d i s a d v a n t a g e  o f  t h i s  

p r o c e s s  i s  t h a t  d a t a  gaps  a p p e a r  a s  m o d u l a t i o n  o f  t h e  o r i g i n a l  t i m e  

s e r i e s .  T h i s  m o d u l a t i o n  may be t h o u g h t  o f  a s  m u l t i p l i c a t i o n  o f  t h e  

o r i g i n a l  t i m e  s e r i e s  by a  f u n c t i o n  whose v a l u e  i s  e i t h e r  1  o r  0 d e -  

pend ing  upon w h e t h e r  d a t a  a r e  a v a i l a b l e  o r  n o t .  By a  f u n d a m e n t a l  

t heo rem i n  F o u r i e r  a n a l y s i s ,  mu1 t i p l i c a t i o n  i n  t h e  t i m e  domain 

becomes c o n v o l u t i o n  i n  t h e  f r e q u e n c y  domain.  In o t h e r  w o r d s ,  t h e  

power s p e c t r a  o b t a i n e d  u s i n g  t h e  F F T  a r e  d i s t o r t e d  by t h e  convo-  

l u t i o n  o f  t h e  s p e c t r u m  o f  t h e  m o d u l a t i o n  w i t h  t h e  s p e c t r u m  o f  t h e  

u n d i s t o r t e d  t i m e  s e r i e s .  
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E m p i r i c a l l y  we f i n d  t h a t  f o r  most of o u r  work t o  d a t e  t h i s  

d i s t o r t i o n  i s . n o t  s i g n i f i c a n t .  T h i s  f a c t  can be shown by comparing 

t h e  s p e c t r a  o b t a i n e d  us ing  t h e  F F T  and t h e  modi f i ed  Blackman-Tukey 

t e c h n i q u e  d e s c r i b e d  above .  I t  can be under s tood  

t h e o r e t i c a l l y  by r e c o g n i z i n g  t h a t  t h e  F o u r i e r  spec t rum of  a  modu- 

l a t i o n  f u n c t i o n  c o n s i s t i n g  of  a  sequence  of  1 ' s  i n t e r s p e r s e d  wi th  

a  s h o r t  sequence  of 0 ' s  randomly spaced  i s  s h a r p l y  peaked a t  z e r o  

f r e q u e n c y .  Convolu t ion  of  t h i s  spec t rum w i t h  any a r b i t r a r y  s p e c -  

trum does no t  produce s i g n i f i c a n t  changes .  

Example S p e c t r a .  .An example of c r o s s  s p e c t r a l  a n a l y s i s  of 

f i r s t  d i f f e r e n c e  t ime  s e r i e s  w i t h  t h e  F F T  t e c h n i q u e  j u s t  d e s c r i b e d  

i s  shown i n  F i g u r e  6 .  The o r i g i n a l  d a t a  a r e  t aken  from a  q u i e t  

day and a r e  e s s e n t i a l l y  t h e  same a s  t h a t  shown i n  F i g u r e  5 .  I n  
. . . . - .  - - 

i u I i I ~.iie\e b ~ ~ t - ' ( .  L r . d  w e  ~ i r i v t - '  I I ~ ~ U  u n  1.d d L 11 I u r i eb  i i i ~ i j a i ~  ; r iu  I u I 

t ime  r e s o l u t i o n ,  0 .32  s e c o n d s ,  t o  emphasize t h e  high f r e q u e n c y  

p o r t i o n  of t h e  spec t rum.  A l s o ,  t h e  s p e c t r a  i n  t h i s  f i g u r e  have 

n o t  been r e c o l o r e d .  

Examining t h e  t o p  l e f t  p a n e l ,  we n o t e  a  peak i n  t h e  spec t rum 

a t  0 . 4  Hz. T h i s  peak i s  a  consequence  of two f a c t o r s .  The s t e e p  

f a l l  o f f  above t h i s  f r e q u e n c y  r e s u l t s  from numer ica l  f i l t e r s  ap- 

p l i e d  i n  t h e  b a s i c  demodula t ion  program t o  r e j e c t  t h e  a p p r o x i m a t e l y  

1 . 6  Hz s p i n  f r e q u e n c y  of t h e  s a t e l l i t e .  The s l o w e r  f a l l  o f f  a t  - 

low f r e q u e n c i e s  i s  t h e  r e s u l t  o f  t h e  f i r s t  d i f f e r e n c e  o p e r a t o r  

d i s c u s s e d  above .  

I n  t h e  t o p  r i g h t  panel t h e  same s p e c t r a  a r e  p l o t t e d  w j t h  a  

l i n e a r  f r e q u e n c y  s c a l e .  A t  e p p r o x i m a t e l y  0 .2  Hz a ve ry  s h a r p  

s p e c t r a l  l i n e  a p p e a r s  a t  t h e  f r e q u e n c y  c o r r e s p o n d i n g  t o  t h e  



s a t e l l i t e  t e l e m e t r y  s e q u e n c e .  A l so  a p p a r e n t  a r e  a  number o f  

h a r m o n i c s  o f  t h i s  l i n e  a t  h i g h e r  f r e q u e n c y .  

The bo t t om r i g h t  p a n e l  shows t h e  c o h e r e n c y  be tween  t h e  i n -  

d i c a t e d  p a i r s  o f  componen t s .  The ha rmon ic  1 i  n e s  a r e  p a r t i c u l a r l y  

a p p a r e n t  i n  t h i s  d i s p l a y .  

A n o t h e r  example  o f  s p e c t r a  i s  shown i n  F i g u r e  7 .  The o r i g i n a l  

d a t a  i n c l u d e  l a r g e  amp1 i t u d e ,  i r r e g u l a r  p u l s a t i o n s  a t  A T 5  1 .  These  

s p e c t r a  d i f f e r  f rom t h e  p r e v i o u s  example  i n  t h a t  t h e y  have been 

r e c o l o r e d  f o r  t h e  f i r s t  d i f f e r e n c e  o p e r a t o r .  A l s o ,  e i g e n a n a l y s i s  

h a s  been c a r r i e d  o u t  on t h e  s p e c t r a l  m a t r i x  o b t a i n i n g  p r i n c i p a l  

a x i s  c o o r d i n a t e s  a t  e a c h  f r e q u e n c y .  In  t h e  t o p  l e f t  p a n e l  t h e  

d a s h e d  l i n e  l a b e l e d  " q u i e t . "  i s  t h e  t r a c e  o f  t h e  s p e c t r a l  m a t r i x  

on a  a u i e t  d a y .  Note t h e  s t e e p  d e c r e a s e  above  0 . 4  Hz i s  s t i l l  

a p p a r e n t .  

A t  t h e  t o p  r i g h t  i t  i s  q u i t e  a p p a r e n t  t h a t  t h e  s p e c t r a  l i n e s  

a r e  d i s t i n c t  f rom t h e  r e m a i n d e r  o f  t h e  s p e c t r u m .  T h e i r  na r row  

w i d t h  and h i g h  p o l a r i z a t i o n  ( b o t t o m  r i g h t  pane l  ) d i s t i n g u i s h e s  

them f rom t y p i c a l  g e o p h y s i c a l  phenomena.  A f i n a l  example  o f  

s p e c t r a  i s  shown i n  F i g u r e  8 .  In  t h i s  c a s e  t h e  o r i g i n a l  f i r s t  

d i f f e r e n c e  t i m e  s e r i e s  was d e c i m a t e d  c r e a t i n g  s i x  s econd  a v e r a g e s  

i n  o r d e r  t o  s t u d y  l o w e r  f r e q u e n c y  waves .  The s h a r p  s p e c t r a  l i n e  , 

a t  0 .01  Hz i s  a  n a t u r a l  s i g n a l  o f  u n u s u a l l y  na r row  b a n d w i d t h .  

On t h e  f l a n k  o f  t h i s  peak  a t  0 . 0122  Hz i s  t h e  f u n d a m e n t a l  o f  a  

1 6  t e l e m e t r y  s e q u e n c e  ramp i n  t h e  Z component o f  t h e  o r i g i n a l  

d a t a .  



V .  SCIENTIFIC RESULTS 

1 .  Storm Time Mer id iona l  O s c i l l a t i o n s  

Q u a s i - s i n u s o i d a l  magnet ic  f i e l d  o s c i l l a t i o n s  ( m i c r o p u l s a t i o n s )  

a r e  r e g u l a r l y  obse rved  a t  ATS-1  d u r i n g  geomagnet ic  s t o r m s .  The 

wave e v e n t s  t y p i c a l l y  o c c u r  d u r i n g  t h e  main phase and t e n d  t o  be 

c o n f i n e d  t o  t h e  a f t e r n o o n  s e c t o r .  D e t a i l e d  a n a l y s i s  of 3 such 

s to rm t ime e v e n t s  was d i s c u s s e d  by B a r f i e l d  e t  a l .  ( 1 9 7 1 ) .  P re -  

l i m i n a r y  r e s u l t s  of a  s t a t i s t i c a l  s u r v e y  of a11 t h e  s torm t ime 

e v e n t s  obse rved  d u r i n g  1967 have c o r r o b o r a t e d  t h e  e a r l i e r  con- 

c l u s i o n s  of B a r f i e l d  e t  a l . ,  and a r e  p r e s e n t e d  h e r e .  

The s t a t i s t i c a l  s u r v e y  i n c l u d e d  some 21 e v e n t s  which were we71 

enough d e f i n e d  t o  be r e c o g n i z a b l e  from a  v i s u a l  scan  of t h e  mag- 

n e t o m e t e r  d a t a .  A n  " even t ! '  was def-ineci a s  a n y  peraiod o f  "Lime i ! ~  

which a t  l e a s t  5 c y c l e s  of a  wave were p r e s e n t .  During some e v e n t s ,  

t h e  o s c i l l a t i o n s  a c t u a l l y  s u b s i d e d  f o r  a  t ime  e q u i v a l e n t  t o  s e v e r a l  

c y c l e s ,  b u t  i n  each c a s e  t h e y  began a g a i n  wi th  n o  s i g n i f i c a n t  change 

i n  t h e  o s c i l l a t i o n  c h a r a c t e r i s t i c s .  

The o c c u r r e n c e  s t a t i s t i c s  of t h e  obse rved  e v e n t s  show t h a t  t h e  

o s c i l l a t i o n s  o c c u r  most o f t e n  d u r i n g  t h e  main p h a s e ,  u s u a l l y  n e a r  

t h e  main phase minimum. In a d d i t i o n  t h e  l o c a l  ' time d i s t r i b u t i o n  

of t h e  e v e n t s  i s  such t h a t  t h e  o s c i l l a t i o n s  have a  maximum pro-- 

b a b i l i t y  of o c c u r r i n g  j u s t  p r i o r  t o  l o c a l  dusk wi th  a  s h a r p  c u t o f f  

a t  dusk .  

The obse rved  e v e n t s  t y p i c a l l y  began a b r u p t l y ,  l a s t e d  approx i  - 
mate ly  one hour and ended s u d d e n l y .  A c l o s e  c o r r e l a t i o n  wi th  sub-  

s to rm e x p a n s i o n s  was obse rved  f o r  t h e  bulk of t h e  o b s e r v a t i o n s  and 

i n  a d d i t i o n ,  t h e  ma jo r?  t y  of t h e  e v e n t  o n s e t s  were b r i e f l y  preceded 
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by a  r a p i d  d e c l i n e  of t h e  f i e l d  s t r e n g t h  a t  t h e  s a t e l l i t e .  Those  

e v e n t s  which d i d  n o t  e x h i b i t  substoi -m c o r r e l a t i o n  t y p i c a l  l y  f o l l o w e d  

an enhancemen t  o f  t h e  main p h a s e  d e c r e a s e  a t  t h e  s a t e l l i t e .  

S p e c t r a l  a n a l y s i s  o f  t h e  o b s e r v e d  e v e n t s  i n d i c a t e  t h a t  t h e  

f r e q u e n c y  o f  t h e  waves may r a n g e  f rom . 0 0 3 - . 0 0 7  H z ,  and t h e  most  

p r o b a b l e  f r e q u e n c y  i s  " . 0 0 5  Hz. The waves t e n d  t o  be l i n e a r l y  

p o l a r i z e d  w i t h  t h e  a x i s  o f  p o l a r i z a t i o n  l y i n g  i n  a  p l a n e  r o u g h l y  

d e f i n e d  by t h e  m a g n e t i c  m e r i d i a n  p l a n e .  

The p r e l i m i n a r y  r e s u l t s  o f  t h e  s t u d y  s u g g e s t  t h a t  t h e  ob- 

s e r v e d  s t o r m t i m e  o s c i l l a t i o n s  may be g e n e r a t e d  by an i n s t a b i l i t y  o f  

t h e  enhanced  s t o r m t i m e  r i n g  c u r r e n t ,  and t h e  a s s o c i a t e d  h o t  ( ~ 7 1 )  

p l a s m a .  I t  h a s  been o b s e r v e d  t h a t  t h e  r i n g  c u r r e n t  i s  s t r o r i g e s t  

d u r i n a  t h e  main ~ h a s e  o f  t h e  a e o m a q n e t i c  s t o r m  r e a c h i t ~ g  a  r n a x i m o n ~  

i n t e n s i t y  a t t h e  main p h a s e  m i n i m u m  ( F r a n k ,  1 9 6 7 ) .  F u r t h e r ,  i t  i s  

t h o u g h t  t h a t  t h e  p a r t i a l  r i n g  c u r r e t ~ t  a t t a i n s  i t s  maximum s t r e n g t h  

d u r i n g  t h e  main p h a s e ,  w i t h  a  long"udina1 e x t e n t  f rom m i d n i g h t  

wes twa rd  t o  t h e  a f t e r n o o n  s e c t o r .  The f a c t  t h a t  t h e  o b s e r v e d  waves 

o c c u r  o n l y  d u r i n g  s t o r m s ,  p r i m a r i l y  d u r i n g  t h e  main p h a s e ,  and i n  

t h e  a f t e r n o o n  s e c t o r  l e n d s  s t r o n g  s u p p o r t  t o  t h e  p o s s i b i l i t y  t h a t  

t h e y  a r e  a s s o c i a t e d  w i t h  a  r i n g  c u r r e n t  i n s t a b i l i t y .  

R e c e n t  work by C r o o k e r  and S i s c o e .  ( 1 9 7 1 )  u s i n g  magne tome te r  

d a t a  f rom a  c h a i n  o f  low l a t i t u d e  g round  s t a t i o n s ,  ha s  shown e v i d e n c e  

t h a t  d u r i n g  d i s t u r b e d  t i m e s  t h e  maximum d e p r e s s i o n  due t o  t h e  p a r t i a l  

r i n g  c u r r e n t  i s  n e a r  1800  L T .  They c o n c l u d e  t h a t  t h e  p o s i t i o n  o f  

t h i s  maximum d e p r e s s i o n ,  p r e s u m a b l y  i n d i c a t i v e  o f  t h e  a z i m u t h a l  

l o c a t i o n  o f  t h e  maximum o f  t h e  p a r t i a l  r i n g  c u r r e n t ,  may v a r y  a s  

much a t  45' f r om 1800  L T .  The l o c a l  t i m e  p r o b a b i l i t y  d i s t r i b u t - i o n  
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d e r i v e d  from t h e  work of Crooker  and S i s c o e  a g r e e s  wel l  wi th  t h e  

l o c a l  t ime o c c u r r e n c e  d i s t r i b u t i o n  of ou r  o b s e r v a t i o n s ,  t h a t  i s  

t h e  p e r c e n t a g e  of e v e n t s  observed  a t  a  g iven  l o c a l  t ime ( i n  t h e  

a f t e r n o o n  s e c t o r )  c o r r e s p o n d s  rough ly  t o  t h e  p r o b a b i l i t y  t h a t  t h e  

maximum r i n g  c u r r e n t  e f f e c t  i s  a t  t h a t  l o c a l  t i m e .  T h i s  i s  t r u e  

f o r  t h e  a f t e r n o o n  s e c t o r  o n l y ;  t h e  r e s u l t s  of Crooker  and S i s c o e  

shown t h e  d i s t r i b u t i o n  of t h e  maximum r i n g  c u r r e n t  n e a r l y  symmetr ic  

abou t  1800 L T ,  w h i l e  t h e  obse rved  ATS-1 e v e n t s  have a  s h a r p  c u t -  

o f f  a t  dusk .  

The s o u r c e  of t h e  a s symet ry  of o u r  o b s e r v a t i o n s  abou t  dusk 

i s  open t o  q u e s t i o n .  However, wi th  t h e  assumpt ion  t h a t  some o t h e r  

p h y s i c a l  mechanism ( e . g . ,  change i n  e f f e c t i v e  L s h e l l )  p r e v e n t s  

o c c u r r e n c e  of t h e  waves a f t e r  d u s k ,  t h e  work of Cr-.ooket-. and S i s c o e  

l e n d s  s t r o n g  s u p p o r t  t o  t h e  s u g g e s t i o n  t h a t  t h e  s to rmt ime  o s c i l l a t i o n s  

a r e  due t o  a  c h a r a c t e r i s t i c  i n s t a b i l i t y  of t h e  p a r t i a l  r i n g  c u r r e n t .  

I f  t h e  observed  wave e v e n t s  a r e  a s s o c i a t e d  w i t h ' t h e  peak i n  

t h e  p a r t i a l  r i n g  c u r r e n t ,  a s  s u g g e s t e d ,  t hen  t h e  c h a r a c t e r i s t i c  

d i p  i n  f i e l d  s t r e n g t h  p r i o r  t o  t h e  e v e n t s  may be viewed a s  

e v i d e n c e  of newly i n j e c t e d  plasma b rough t  i n  by t h e  s u b s t a r m  p r o -  

c e s s .  Thus ,  t h e  r e s p o n s i b l e  i n s t a b i l i t y  cou ld  be g e n e r a t e d  by one 

o r  both  of t h e  concomi tan t  e f f e c t s  of t h e  i n j e c t i o n  p r o c e s s .  F i r s t ,  

a  f l u i d  i n s t a b i l i t y  such a s  t h e  d r i f t  m i r r o r  i n s t a b i l i t y  (Hasegawa, 

1969;  B a r f i e l d  e t  a l . ,  1 9 7 1 ) ,  o r  a l t e r n a t i v e l y  t h e  s t e e p  g r a d i e n t s  

induced  by t h e  r a p i d  i n j e c t i o n  cou ld  t r i g g e r  a  g r a d i e n t  a s s o c i a t e d  

i n s t a b i l i t y  such a s  t h e  compress iona l  Alfven  wave i n s t a b i l i t y  

( e . g . ,  C l a d i s ,  1 9 7 1 ) .  
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The long d u r a t i o n  of t h e  wave e v e n t s  coupled  wi th  t h e i r  r e -  

s t r i c t e d  f r e q u e n c y  range  and we1 1  d e f i n e d  o r i e n t a t i o n  s u g g e s t s  a  

r e sonance  of t h e  magne tospher i c  c a v i t y .  ldhether t h e  d u r a t i o n  of 

an e v e n t  i s  t e m p o r a l l y  o r  s p a t i a l l y  l i m i t e d  i s  s t i l l  u n c l e a r .  

S e v e r a l  s u g g e s t i o n s  have been made r e g a r d i n g  t h e  o r i g i n  of 

o s c i l l a t i o n s  s i m i l a r  t o  t h o s e  d e s c r i b e d  h e r e ,  (Sonnerup e t  a l . ,  1969;  

Hasegawa, 1969;  L a n z e r o t t i  e t  a l . ,  1969;  C l a d i s ,  1971 ) .  C l a d i s  

(1971 ) s u g g e s t e d  t h a t  rner id ional  o s c i l l a t i o n s  of t h e  magne t i c  f i e l d  

could  be g e n e r a t e d  by i n j e c t i o n  of high ene rgy  plasma i n t o  t h e  

r i n g  c u r r e n t .  Such i n j e c t i o n s  would be l i k e l y  d u r i n g  geomagnet ic  

s u b s t o r m s ,  a s  mentioned b e f o r e  (Dav i s  and P a r t h a s a r a t h y ,  1 9 6 7 ) .  

Sonnerup e t  a l .  (1969)  s u g g e s t e d  t h a t  such o s c i l l a t i o n s  cou ld  be 

~ I I P  i-n " t h ~  n a r t i c l e  n o n u l a t i o n  s l o s h i n a  back and f o r t h  a l o n a  

t h e  f i e l d  l i n e s . "  Hasegawa (1969)  s u g g e s t e d  t h e  d r i f t  m i r r o r  

i n s t a b i l i t y  of t h e  r i n g  c u r r e n t .  As p o i n t e d  o u t  by B a r f i e l d  e t  a l .  

( 1 9 7 1 ) ,  i t  i s  n o t  p o s s i b l e  t o  s u p p o r t  o r  deny t h e  p l a u s i b i l i t y  of 

any of t h e s e  t h e o r e t i c a l  p r o p o s a l s  s o l e l y  on t h e  b a s i s  of t h e  

s a t e l l i t e  magnet ic  f i e l d  o b s e r v a t i o n s .  

In summary, t h e  s t o r m t i m e  mi c r o p u l s a t i o n s  obse rved  a t  ATS-1  

s u g g e s t  t h e  f o l l o w i n g  model .  The s p a t i a l  g r a d i e n t s  of t h e  s to rm-  

t ime r i n g  c u r r e n t  a r e  enhanced by newly i n j e c t e d  plasma d u r i n g  a  

magne tospher i c  subs to rm.  Broad band o s c i l l a t i o n s  produced by an 

i n s t a b i l i t y  of t h i s  c u r r e n t  a r e  t h e n  f i l t e r e d  by t h e  r e s o n a n t  p ro -  

p e r t i e s  of t h e  magnetosphere t o  produce  t h e  obse rved  o s c i l l a t i o n s .  

Such a  proposed  model i s  a t t r a c t i v e  and we b e l i e v e ,  p r e m a t u r e .  

S e v e r a l  c r i t i c a l  q u e s t i o n  remain t o  be answered .  
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Concerning  t h e  cause  of t h e  i n s t a b i l i t y ,  a l l  t h e  models pro-  

posed p r e d i c t  a  we l l  d e f i n e d  c o r r e l a t i o n  between t h e  magnet ic  

f i e l d  o s c i l l a t i o n s  and t h e  high ene rgy  p a r t i c l e  p o p u l a t i o n .  We 

have n o t  y e t  i n v e s t i g a t e d  such r e l a t i o n s h i p s  i n  d e t a i l ,  a l t h o u g h  

B a r f i e l d  and Coleman (1970)  d i d  n o t e  t h a t  t h e  e n e r g e t i c  p r o t o n s  and 

e l e c t r o n s  f l u c t u a t e d  c o h e r e n t l y  w i t h  t h e  magnet ic  f i e l d  f o r  one 

e v e n t  of t h e  t y p e  d i s c u s s e d  h e r e .  I t  i s  s u g g e s t e d  t h a t  f u r t h e r  

i n v e s t i g a t i o n s  a r e  r e q u i r e d  b e f o r e  a  d e f i n i t i v e  s t a t e m e n t  can be 

made c o n c e r n i n g  t h e  p a r t i c l e  b e h a v i o r  d u r i n g  t h e  obse rved  e v e n t s .  

I t  has  a l s o  been noted  t h a t  d u r i n g  many of t h e  o s c i l l a t i o n  

e v e n t s  men t ioned ,  P C  1  o s c i l l a t i o n s  were obse rved  a t  ATS-1 ( e . g . ,  

B a r f i e l d  and Coleman, 1 9 7 0 ) .  Such high f r e q u e n c y  o s c i l l a t i o n s  could  

he a damnina mechanism f o r  t h e  P C  4 -5  o s c i l l a t i o n s  and ~ o s s i b i e  

c o r r e l a t i o n s  between t h e  two wave c l a s s e s  shou ld  be i n v e s t i g a t e d .  

The q u e s t i o n  of t h e  s i g n i f i c a n c e  of t h e  c h a r a c t e r i s t i c  d i p  i n  

f i e l d  s t r e n g t h  p r i o r  t o  t h e  o s c i l l a t i o n s  has  y e t  t o  be r e s o l v e d .  

As p r e v i o u s l y  d i s c u s s e d  by B a r f i e l d  e t  a l .  ( 1 9 7 1 ) ,  such a  d i p  

would be p r e d i c t e d  by t h e  two models c o n s i d e r e d  most l i k e l y .  I f  

t h e  f i e l d  d e c r e a s e  does imply a  s e v e r e  f i e l d  d i s t o r t i o n  a t  ATS-1, 

t hen  t h e  background f i e l d  geometry p r i o r  t o  and a f t e r  t h e  d i p  

r e q u i r e s  c a r e f u l  s t u d y  i n  o r d e r  t o  comment on t h e  p l a u s i b i l i t y  of 

t h e  proposed mechanisms. 

Although t h e  obse rved  c h a r a c t e r i s t i c s  of t h e  s to rmt ime  o s c i l -  

l a t i o n s  p o i n t  s t r o n g l y  t o  t h e  r i n g  c u r r e n t  a s  an ene rgy  s o u r c e  f o r  

t h e  waves,  t h e  p o i n t  i s  f a r  from r e s o l v e d .  Two o t h e r  s o u r c e s  

e x i s t  a t  t h e  ATS-1 o r b i t  which would produce a  s i m i l a r  f i e l d -  
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p a r t i c l e  c o n f i g u r a t i o n  t o  t h a t  d e s c r i b e d  h e r e .  Vasy l iunas  ( 1 9 6 8 )  

has shown t h a t  t h e  i n n e r  edge of t h e  plasma s h e e t  moves wel l  w i t h i n  

t h e  ATS-1 d u r i n g  s u b s t o r m s .  Cummings e t  a l .  (1969) concluded from 

a  s t u d y  of  q u i e t  t ime o s c i l l a t i o n s  a t  ATS-1 t h a t  t h e  plasmapause 

o f t e n  c r o s s e s  t h e  ATS-1 o r b i t .  E i t h e r  of t h e s e  s p a t i a l  b o u n d a r i e s  

cou ld  produce t h e  f i e l d  d i s t o r t i o n  and s t e e p  g r a d i e n t s  t h r o u g h t  

t o  e x i s t  d u r i n g  t h e  s to rmt ime  wave e v e n t s .  The impor tance  of 

each of t h o s e  p o s s i b i l i t i e s  remains  t o  be r e s o l v e d .  

Those e v e n t s  f o r  which no r a p i d  subs to rm a s s o c i a t e d  f i e l d  

d e c r e a s e  i s  d i s p l a y e d  may be i m p o r t a n t  i n  t h a t  f o r  t h o s e  c a s e s  

t h e  enhancement of t h e  main phase d e c r e a s e  m i g h t  imply e n t r y  by 

t h e  s a t e l l i t e  i n t o  a  r e g i o n  where t h e  d i s t o r t i o n  e x i s t s ,  r a t h e r  

than a t ~ m n o r a l  c h a n n ~  in t h ~  f i ~ l d .  The twn t v n e q  o f  nn<~+- .q  re- 

q u i r e  a d d i t i o n a l  i n v e s t i g a t i o n  a s  t o  t h e  p o s s i b l e  i m p l i c a t i o n s  of 

temporal  v e r s u s  s p a t i a l  e x t e n t  of t h e  r e s o n a n c e ,  a l t h o u g h  a d e q u a t e  

s t a t i s t i c s  a r e  n o t  a v a i l a b l e  from t h e  p r e s e n t  s t u d y .  

Another  y e t  unsolved  p u z z l e  c o n c e r n s  whether  or no t  t h e  

o s c i l l a t i o n s  obse rved  a t  t h e  s a t e l l i t e  a r e  p ropaga ted  t o  t h e  ground.  

For t h e  e v e n t s  s t u d i e d  t h u s  f a r ,  a u r o r a l  zone ground magnetograms 

were i n s p e c t e d  f o r  c o r r e l a t e d  a c t i v i t y .  The r e s u l t s  were i n c o n -  

c l u s i v e ,  a s  i n  each c a s e  t h e r e  was i r r e g u l a r  a c t i v i t y  a t  t h e  ground 

o v e r  a  wide f r e q u e n c y  r a n g e .  There  were no obvious  changes i n  t h e  

ground d a t a  c o r r e l a t e d  w i t h  t h e  wave a c t i v i t y  a t  t h e  s a t e l l i t e .  Lack 

of d i g i t a l  d a t a  a t  t h e  ground p r e c l u d e d  a  comparison of wave s p e c t r a .  

I n t e r m i t t e n t  d i g i t a l  ground magnetometer  d a t a  a r e  n o w  a v a i l a b l e  

from t h e  c o n j u g a t e  p o i n t  of ATS-1, a t  T u n g s t e n ,  N . W . T . ,  Canada,  
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beg inn ing  i n  J u n e ,  1 9 6 9 .  S p e c t r a l  comparison of t h e  s a t e l l i t e  

and c o n j u g a t e  p o i n t  magnetometer  d a t a  would be v a l u a b l e  i n  

answer ing  t h e  q u e s t i o n  of p r o p o g a t i o n  t o  t h e  g round .  

I f  t h e  obse rved  wave e v e n t s  a r e  i n  f a c t  s t a n d i n g  waves,  

t hen  a  s e a s o n a l  v a r i a t i o n  i n  t h e  o r i e n t a t i o n  of t h e  o s c i l l a t i o n s  

would be e x p e c t e d  ( B a r f i e l d  and Coleman, 1 9 7 0 ) .  However, f o r  t h e  

e v e n t s  s t u d i e d  s o  f a r ,  t h e  bulk of  t h e  e v e n t s  were n e a r  t h e  

e q u i n o x e s ,  p r e v e n t i n g  any c o n c l u s i o n  a s  t o  s e a s o n a l  v a r i a t i o n s .  

In summary, i t  a p p e a r s  t h a t  t h e  s to rmt ime  m e r i d i o n a l  o s c i l l a -  

t i o n s  obse rved  a t  ATS-1 a r e  a  r e g u l a r  f e a t u r e  of t h e  geomagnet ic  

s t o r m ,  and may p r o v i d e  an e f f e c t i v e  moni to r  on t h e  subs to rm i n -  

j e c t i o n  p r o c e s s .  However, much work remains  t o  be done;  a  p a r t i a l  

l i z f  0 4  t h e  n e c e s s a r v  t a s k s  i s  n r e s e n t e d  i n  t h e  f o l l o w i n a  s e c t i o n .  
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2 .  G r o u n d - S a t e l l i t e  C o r r e l a t i o n s  

For s e v e r a l  y e a r s  t h e  Na t iona l  S c i e n c e  Foundat ion  has  s u p p o r t e d  

a  magnet ic  o b s e r v a t o r y  a t  t h e  c o n j u g a t e  p o i n t  of ATS-1. T h i s  

s u p p o r t  i n c l u d e s  t h e  o p e r a t i o n ,  d a t a  p r o c e s s i n g  and a n a l y s i s  of t h e  

ground -- d a t a .  S i m i l a r  s u p p o r t  f o r  t h e  s a t e l l i t e  d a t a  i s  d e r i v e d  

from o u r  N A S A  g r a n t .  During t h e  l a s t  y e a r  we have c a r r i e d  o u t  

p r e l i m i n a r y  a n a l y s i s  f o r  s e v e r a l  d i s t i n c t  wave phenomena observed  

s i n i u l t a n e o u s l y  a t  t h e  ground and t h e  s a t e l l i t e  d u r i n g  magneto- 

s p h e r i c  s u b s t o r m s .  The f i r s t  r e s u l t s  were p r e s e n t e d  by McPherron 

and Coleman (1971)  a t  t h e  s p r i n g  meet ing  of t h e  American Geophys ica l  

Union i n  Washington,  D . C .  More comple te  r e s u l t s  were p r e s e n t e d  by 

McPherron (1971b)  a t  t h e  F i f t e e n t h  Genera l  Assembly of I . U . G . G .  

i n  M o s c o w .  A b r i e f  summarv of t n a s e  r e s u l t s  i s  a i v e n  b e l ~ w .  

2 A .  T r a n s f e r  Func t ion  of t h e  F i e l d  Line f o r  P C  1 .  A 

P C  1  wave e v e n t  was r e c o r d e d  a t  t h e  ground s t a t i o n  d u r i n g  t h e  ex-  

pans ion  phase of a  ma.gnetospheric  subs to rm.  The l o c a l  t ime of t h i s  

s t a t i o n  was n e a r  1800 ( d u s k ) .  These f a c t s  s u g g e s t  t h e  e v e n t  was of 

t h e  IPDP t y p e  a l t h o u g h  a d i g i t a l  dynamic spec t rum of t h e  ground 

s i g n a l  d i d  n o t  r e v e a l  t h e  c h a r a c t e r i s t i c  upward sweep. Dynamic 

s p e c t r a  f o r  s i m u l t a n e o u s  d a t a  r e c o r d e d  a t  t h e  s a t e l l i t e  were a l s o  

p r e p a r e d  and compared t o  t h e  ground d a t a .  T h i s  comparison showed 

t h e  ground s i g n a l  was c o n s i d e r a b l y  more complex than  t h e  s a t e l l i t e  

s i g n a l .  T h i s  d i f f e r e n c e  was a t t r i b u t e d  t o  h o r i z o n t a l  p r o p a g a t i o n  

of t h e  P C  1 waves from a  number of f i e l d  l i n e s  t o  t h e  ground s t a t i o n .  

Two t ime i n t e r v a l s  when t h e  dynamic s p e c t r a  showed s i m i l a r  

e x c i t a t i o n  a t  t h e  g r o u n d  and s a t e l l i t e  were chosen f o r  more c a r e f u l  
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s t u d y .  In one c a s e ,  t h e  r a t i o  of  power a t  t h e  s a t e l l i t e  t o  t h e  

ground was 2 . 6 ;  i n  a n o t h e r  c a s e ,  t h e  r a t i o  was 8 . 6 .  A p o s s i b l e  

i n t e r p r e t a t i o n  of t h i s  f o l l o w s  from t h e  f a c t  t h a t  P C  1  waves a r e  

presumed t o  be c o l l i m a t e d  t o  a  f l u x  t u b e .  I f  t h i s  i s  t r u e ,  t h e  

s i g n a l  a m p l i t u d e  must change s i g n i f i c a n t l y  a s  a f u n c t i o n  of p o s i t i o n  

r e l a t i v e  t o  t h e  c e n t e r  of t h i s  t u b e .  Thus ,  a  ve ry  s l i g h t  change i n  

t h e  r e l a t i v e  con jugacy  of  ATS-1 and Tungs ten  could  c a u s e  a l a r g e  

change a t  t h e  s a t e l l i t e  and a l m o s t  none a t  t h e  ground.  The im-. 

p l i c a t i o n  of t h i s  i n t e r p r e t a t i o n  i s  t h a t  a  c o r r e c t  d e t e r m i n a t i o n  

of  t h e  a b s o l u t e  t r a n s f e r  f u n c t i o n  w i l l  be q u i t e  e l u s i v e .  A t  b e s t ,  

i t  seems l i k e l y  t h a t  i t  can on ly  be de te rmined  s t a t i s t i c a l l y  under  

t h e  assumpt ion  t h a t  t h e  l a r g e s t  obse rved  a t t e n u a t i o n  between s a t e l l i t e  

a n d  y n ~ l n d  o c c u r s  when t n e  s a t e l l i t e  i s  c e n t e r e d  i n  t h e  col l . in~ai ;cd 

wave. 

There  e x i s t s  t h e  p o s s i b i l i t y  of d e t e r m i n i n g  t h e  r e l a t i v e  

t r a n s f e r  f u n c t i o n  i f  i t  can be assumed t h a t  t h e  a m p l i t u d e  d i s t r i -  

b u t i o n  of v a r i o u s  f r e q u e n c y  components w i t h i n  t h e  f l u x  t u b e  i s  t h e  

same. Again ,  t h i s  seems u n l i k e l y  because  of t h e  c y c l o t r o n  i n -  

s t a b i l i t y  t h o u g h t  t o  be r e s p o n s i b l e  f o r  t h e  g e n e r a t i o n  of P C  1  

depends on t h e  e q u a t o r i a l  gy ro f requency  of t h e  g iven  l i n e ,  i  . e . ,  

t h e  lower f r e q u e n c i e s  a r e  g e n e r a t e d  a t  l a r g e r  L v a l u e s .  F i n a l l y ,  

w i th  a  s i n g l e  s t a t i o n  i t  i s  d i f f i c u l t  t o  s e p a r a t e  t h e  components 

of  t h e  s i g n a l  a t  t h e  ground which a r e  i n c i d e n t  above t h e  s t a t i o n  

and t h o s e  p r o p a g a t i n g  h o r i z o n t a l l y .  

B .  P o l a r i z a t i o n  of P C  1  i n  Space .  For a  number of y e a r s  - 
t h e  body of t h e o r e t i c a l  s p e c u l a t i o n  a b o u t  t h e  o r i g i n  of P C  1 has been 
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based on t h e  assumpt ion  t h a t  P C  1 a r e  g e n e r a t e d  by a  c y c l o t r o n  

i n s t a b i l i t y  of 1-100 kev p r o t o n s  a t  a b o u t  6 R e  i n  t h e  e q u a t o r i a l  

p l a n e .  T h i s  s p e c u l a t i o n  was j u s t i f i e d  on a  b a s i s  of dynamic s p e c t r a  

of t h e  s i g n a l  o b t a i n e d  a t  t h e  ground showing t h e  r e p e t i t i o n  p e r i o d  

f o r  p e a r l - t y p e  P C  1  a c t i v i t y  i s  l o n g e r  a t  h i g h e r  f r e q u e n c i e s .  T h i s  

i s  w h a t  i s  e x p e c t e d  f o r  t h e  d i s p e r s i o n  r e l a t i o n  s a t i s f i e d  by t h e  

l e f t - h a n d  e l l i p t i c a l l y  p o l a r i z e d  Alfven  wave p r o p a g a t i n g  a long  t h e  

f i e l d .  Ground o b s e r v a t i o n s  have n o t  been a b l e  t o  e s t a b l i s h  t h e  

v a l i d i t y  of t h i s  assumpt ion  because  t h e  i o n o s p h e r e  can r e v e r s e  

t h e  p o l a r i z a t i o n  of  t h e  P C  1  s i g n a l  a s  i t  p a s s e s  t h r o u g h .  The ob- 

s e r v a t i o n s  show both p o l a r i z a t i o n s  a t  t h e  s u r f a c e .  For IPDP e v e n t s  

of t h e  sa,rne f r e q u e n c y  a s  p e a r l s ,  i t  h a s  been g e n e r a l l y  assumed t h a t  

a c i m i l a r  qn111-c~ m p r h a n i s m  ~ x i q t q  a $  f n r  n e a r 1  n l l l s a t i n n s .  

We have examined f o u r  IPDP e v e n t s  t o  d a t e  and f i n d  t h a t  a l l  

a r e  l e f t - h a n d e d  e l  l i p t i c a l  l y  p o l a r i z e d  i n  t h e  e q u a t o r i a l  p l a n e  

a t  synchronous  o r b i t .  Three of t h e s e  e v e n t s  a r e  p o s i t i v e l y  i d e n -  

t i f i e d  from ground dynamic s p e c t r a  a s  IPDP e v e n t s .  While i t  i s  

r e c o g n i z e d  t h a t  f o u r  e v e n t s  a r e  i n s u f f i c i e n t  t o  d e c i d e  t h e  q u e s t i o n  

c o m p l e t e l y ,  we f e e l  t h e s e  o b s e r v a t i o n s  a r e  s u f f i c i e n t  t o  j u s t i f y  

t h e  b a s i c  assumpt ion  of t h e  c y c l o t r o n  i n s t a b i l i t y  of p r o t o n s  g y r a t i n g  

i n  a  l e f t - h a n d  s e n s e ,  a s  has  been commonly assumed. 

C .  Pi 2 Noise B u r s t s  on t h e  Ground and i n  Space .  Pi 2 

n o i s e  b u r s t s  a r e  k n o w n  t o  be a s s o c i a t e d  wi th  t h e  o n s e t  of subs to rm 

expans ion  and have been s t u d i e d  i n  some d e t a i l ,  b u t  t h e i r  r o l e  i n  

subs to rm p r o c e s s  i s  n o t  known. From t h e  one e v e n t  we have examined 

i t  a p p e a r s  t h e s e  b u r s t s  may be r e l a t e d  t o  f i e l d  a l i g n e d  c u r r e n t s  
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f e e d i n g  t h e  wes tward  e l e c t r o j e t .  

In  an e v e n t  c o m p r i s i n g  two b u r s t s  r e c o r d e d  s h o r t l y  b e f o r e  l o c a l  

rnidni g h t ,  we f i n d  t h a t  sudden  d e c r e a s e s  i n  t h e  n o r t h - s o u t h  component 

of  t h e  s u r f a c e  f i e l d  were  c l o s e l y  a s s o c i a t e d  w i t h  sudden  i n c r e a s e s  

i n  t h e  e a s t - w e s t  component a t  t h e  s a t e l l i t e ,  A t  t h e  g round ,  a  d e -  

c r e a s e  i n  t h e  n o r t h - s o u t h  f i e l d  i s  n o r m a l l y  a t t r i b u t e d  t o  t h e  w e s t -  

ward e l e c t r o j e t  w h i l e  a t  t h e  s a t e l l i t e  t h e  D component  v a r i a t i o n s  

a r e  u s u a l l y  a s s o c i a t e d  w i t h  f i e l d  a l i g n e d  c u r r e n t s .  

A compar i son  o f  power s p e c t r a  f o r  t h e  g round  and s a t e l l i t e  

d a t a  o f  t h i s  e v e n t  shows comparab l e  s p e c t r a l  d e n s i t y  a t  0 .07  H z .  

The s u r f a c e  s p e c t r u m  f a l l s  o f f  r a p i d l y  t oward  h i g h e r  f r e q u e n c y ,  

3 r o u g h l y  a s  l / f  . In  c o n t r a s t ,  t h e  s a t e l l i t e  s p e c t r u m  d e c r e a s e s  

A f r e q u e n t l y  r e p o r t e d  f e a t u r e  o f  Pi 2 b u r s t s  i s  an enhancement  

o f  f l u c t u a t i o n s  a t  a b o u t  0 . 3  Hz. T h i s  enhancement  was o b s e r v e d  

d u r i n g  t h e  two Pi 2 b u r s t s  i n  o u r  e v e n t .  In  bo th  b u r s t s  t h e  s i g n a l s  

i n  t h e  h o r i z o n t a l  p l a n e  were  a p p r o x i m a t e l y  70% p o l a r i z e d .  The po- 

l a r i z a t i o n  was r i g h t - h a n d  e l l i p t i c a l  w i t h  r e s p e c t  t o  t h e  a m b i e n t  

m a g n e t i c  f i e l d  ( i n  t h e  s e n s e  o f  e l e c t r o n  g y r a t i o n ) .  The two 

b u r s t s  d i f f e r e d  o n l y  s l i g h t l y  i n  t h e i r  f r e q u e n c y  ( 0 . 2 8  and 0 . 3 2  H z )  

b u t  had q u i t e  d i f f e r e n t  e l l i p t i c i t i e s  ( 0 . 2  and 0 . 5 )  and o r i e n t a t i o n  

( e a s t - w e s t  and n o r t h - s o u t h ) .  

From t h i s  v e r y  p r e l i m i n a r y  s t u d y  we have t e n t a t i v e l y  c o n c l  uded 

t h a t  Pi 2  b u r s t s  a r e  c a u s e d  by s u d d e n ,  p e r h a p s  q u a s i - s i n u s o i d a l  

c h a n g e s  i n  t h e  f i e l d  a l i g n e d  c u r r e n t s  d r i v i n g  t h e  wes tward  e l e c t r o -  

j e t .  F u r t h e r m o r e ,  i t  a p p e a r s  f rom t h e  d i s t i n c t  p o l a r i z a t i o n  

c h a r a c t e r i s t i c s  of  t h e  3 - second  enhancemen t  t h a t  t h i s  p o r t i o n  e f  
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t h e  b u r s t  i s  of magne tospher i c  o r i g i n  r a t h e r  than  an i o n o s p h e r i c  

c a v i t y  r e sonance  a s  has p r e v i o u s l y  been s u g g e s t e d .  

D .  Band-Limited Pi 1  M i c r o p u l s a t i o n s .  Band l i m i t e d  Pi 1 

m i c r o p u l s a t i o n s ,  sometimes c a l l e d  P i ( c ) ,  a r e  a  r e g u l a r  f e a t u r e  of 

t h e  r e c o v e r y  phase of subs to rms  i n  t h e  morning s e c t o r .  T o  d a t e ,  

we have examined f o u r  e v e n t s  of t h i s  t y p e .  Two of t h e s e  were 

s e l e c t e d  from ground d a t a  and two from s a t e l l i t e  d a t a .  For t h e  

two e v e n t s  s e l e c t e d  from t h e  g r o u n d  d a t a  t h e r e  was no wave a c -  

t i v i t y  a t  t h e  s a t e l l i t e .  In c o n t r a s t ,  t h e  two e v e n t s  s e l e c t e d  

from s a t e 1  l  i  t e  d a t a  d i d  show e v i d e n c e  of c o r r e s p o n d i n g  a c t i v i t y  

a t  t h e  g r o u n d .  U n f o r t u n a t e l y ,  f o r  n e i t h e r  of t h e s e  was d i g i t a l  

ground d a t a  a v a i l a b l e .  A summary of t h e  r e s u l t s  f o r  each  of t h e s e  

I .- t - 7  
C V C I I  L 3  1 3  q I V C I l  U L  I U Y I .  

The f i r s t  e v e n t  o c c u r r e d  a t  ATS-1 on August 1 7 ,  1967. The 

p a r t i c l e  d a t a  f o r  t h i s  e v e n t  have been examined i n  some d e t a i l  by 

Parks  and Winckler  ( 1 9 6 9 ) .  They showed t h a t  t h e  f l u x e s  of t r a p p e d  

e l e c t r o n s  a t  ATS-1, a s  we11 a s  p r e c i p i t a t e d  e l e c t r o n s  a t  C o l l e g e ,  

Alaska  (650 k m  wes t  of  ATS-1 c o n j u g a t e  p o i n t )  were p e r i o d i c a l l y  

modulated a t  s e v e r a l  f r e q u e n c i e s .  S p e c t r a l  peaks were seen  a t  

f r e q u e n c i e s  c o r r e s p o n d i n g  t o  p e r i o d s  of 2 5 ,  1 8 . 3 ,  9 . 5 3 ,  and 6.11 

s e c o n d s .  Dynamic s p e c t r a l  a n a l y s i s  showed t h a t  t h e  maximum m o d u -  

l a t i o n  was 1 1 . 3  second p e r i o d .  These o b s e r v a t i o n s  were made n e a r  

t h e  dawn mer id ian  d u r i n g  t h e  r e c o v e r y  phase of t h e  magne tospher i c  

subs to rm.  

Using t h e s e  r e s u l t s  a s  a  g u i d e ,  we h?.ve performed s p e c t r a l  

a n a l y s i s  ove r  t h e  t ime i n t e r v a l  of t h e  maximum modula t ion  of 

p a r t i c l e  f l u x e s .  We f i n d  a  pronounced s p e c t r a l  peak a t  2 6  
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secondswi th  t h e  rms s i g n a l  power ove r  t h e  band a p p r o x i m a t e l y  

0 . 4  gamma. Doing e i g e n  and coherency  a n a l y s i s  on t h e  s p e c t r a l  

m a t r i x ,  we f i n d  t h a t  t h e  s i g n a l  was l i n e a r l y  p o l a r i z e d  wi th  t h e  

major  a x i s  o r i e n t a t e d  6 0 "  from t h e  d i p o l e  V a x i s  toward t h e  D a x i s .  

The major  a x i s  a l s o  made an a n g l e  of 60"  wi th  r e s p e c t  t o  t h e  H 

a x i s .  (The d i p o l e  V D H  c o o r d i n a t e  sys tem has H a n t i p a r a l l e l  t o  t h e  

e a r t h ' s  d i p o l e  a x i s  and V r a d i a l l y  outward i n  t h e  magne t i c  equa-  

t o r i a l  p l a n e .  ) 

The second e v e n t ,  June  8 ,  1968 ,  was obse rved  by t h e  O G O - 5  

s a t e l l i t e  a s  i t  was i n b o u n d  a c r o s s  t h e  dawn mer id ian  n e a r  t h e  

magne t i c  e q u a t o r i a l  p l a n e .  The o r i g i n a l  m o t i v a t i o n  f o r  s t v d y i n g  

t h i s  e v e n t  was t h e  f a c t  t h a t  0 6 0 - 5  passed  e x t r e m e l y  c l o s e  t o  t h e  

A T C - 1    atoll it^ a n d  m a n n ~ t i c  f i p l d  d a t a  W P ~ P  a v a i l a h l p  f r o m  i t  a $  - 

w e l l .  R e s u l t s  of t h i s  a n a l y s i s  have been p u b l i s h e d  by McPherron 

and Coleman (1971)  and a r e  o n l y  b r i e f l y  summarized h e r e .  

The p u l s a t i o n s  were q u a s i - s i n u s o i d a l  w i th  p e r i o d  2 2  seconds  

and rms a m p l i t u d e  0 . 3  gamma. T h e i r  a v e r a g e  p o l a r i z a t i o n  was t r a n s -  

v e r s e  t o  t h e  main magne t i c  f i e l d  w i t h  t h e  major  a x i s  az imutha l  i n  

t h e  e q u a t o r i a l  p l a n e .  The a v e r a g e  e l l i p t i c i t y  was 0 . 3  and t h e  

predominant  s e n s e  of r o t a t i o n  r i g h t - h a n d e d  wi th  r e s p e c t  t o  t h e  main 

magne t i c  f i e l d  ( i n  t h e  s e n s e  of e l e c t r o n  g y r a t i o n ) .  I n s t a n t a n e o u s l y ,  

t h e s e  p a r a m e t e r s  were q u i t e  v a r i a b l e  wi th  t h e  p u l s a t i o n s  o c c u r r i n g  

i n  b u r s t s  p r o p a g a t i n g  a t  v a r i o u s  a n g l e s  wi th  r e s p e c t  t o  t h e  f i e l d .  

The waves were obse rved  i n  a  r e g i o n  of e s s e n t i a l l y  d i p o l a r  f i e l d ;  

however,  t h e  waves were f i r s t  obse rved  j u s t  i n s i d e  a  s h a r p  t r a n s i -  

t i o n  from a  r e g i o n  of c o n t i n u o u s  f i e l d  t o  r a p i d l y  i n c r e a s i n g  f i e l d ,  
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No modu la t ion  of t r a p p e d  e l e c t r o n s  ( E  2 t han  5 0  kev)  by t h e  p u l -  

s a t i o n s  g r e a t e r  than  4 %  was obse rved  o n  t h e  same s a t e l l i t e ;  however ,  

w h i s t l e r  chorus  d i d  a p p e a r  t o  c o n s i s t  of q u a s i - p e r i o d i c  b u r s t .  

S imul t aneous  magnet ic  f i e l d  o b s e r v a t i o n s  a t  t h e  ATS-1 c o n j u g a t e  

p o i n t  and a l s o  a t  C o l l e g e ,  A l a s k a ,  showed t h e  p u l s a t i o n s  were 

p r e s e n t  on t h e  ground wi th  t h e  same f r e q u e n c y  and comparable  am- 

p l i t u d e .  F i e l d  o b s e r v a t i o n s  a t  ATS-1 d i d  n o t  i n d i c a t e  any wave 

a c t i v i t y  d e s p i t e  t h e  f a c t  t h a t  i t  was c l e a r l y  p r e s e n t  n e a r  i t s  

c o n j u g a t e  p o i n t .  I t  was no ted  however ,  t h a t  t h e  f i r s t  0 6 0 - 5  o b -  

s e r v a t i o n s  of t h e s e  waves were made j u s t  i n s i d e  t h e  ATS-1  o r b i t .  

C o n s e q u e n t l y ,  i t  seems q u i t e  l i k e l y  t h a t  t h e s e  waves a r e  r a d i a l l y  

l o c a l i z e d  i n  t h e  e q u a t o r i a l  p l a n e  and s p r e a d  somewhat i n  t h e  

i o n o s ~ h e r e  a t  t h e  f o o t  of t h e i r  f a v o r e d  f i e l d  l i n e .  T h i s  e v e n t  

a l s o  o c c u r r e d  d u r i n g  t h e  r e c o v e r y  phase of a  magne tospher i c  sub-  

s to rm n e a r  t h e  dawn m e r i d i a n .  

Two a d d i t i o n a l  e v e n t s  were chosen from d i g i t a l  ground d a t a  a t  

t h e  ATS-1 c o n j u g a t e  p o i n t ,  T u n g s t e n ,  N . W . T . ,  Canada. These e v e n t s  

were s e l e c t e d  from m i c r o f i l m  p l o t s  of m i c r o p u l s a t i o n  and bay ac -  

t i v i t y  a t  t h e  ground s t a t i o n .  B o t h  e v e n t s  were chosen n e a r  t h e  

dawn m e r i d i a n  d u r i n g  t h e  r e c o v e r y  phase of s u b s t o r m s .  B o t h  e v e n t s  

had rms a m p l i t u d e s  of a b o u t  1-2  gamma. A l s o ,  both e v e n t s  were 

p o l a r i z e d  t r a n s v e r s e  t o  t h e  main magne t i c  f i e l d  and o r i e n t e d  wi th  

t h e  major  a x i s  e a s t - w e s t .  In c o n t r a s t  t o  t h e s e  p r o p e r t i e s ,  t h e  

two e v e n t s  were q u i t e  d i s t i n c t  i n  t h e i r  f r e q u e n c y  and s e n s e  of 

r o t a t i o n .  One e v e n t  had a 40 second p e r i o d  and was r i g h t  e l l i p -  

t i c a l l y  p o l a r i z e d ,  t h e  o t h e r  20 second p e r i o d  and l e f t  e l l i p t i c a l l y  

p o l a r i z e d .  S p e c t r a l  a n a l y s i s  of t h e  s a t e l l i t e  d a t a  f o r  both e v e n t s  



showed a  c o m p l e t e l y  q u i e t  f i e l d .  

From t h e  p r e c e d i n g  d i s c u s s i o n ,  i t  i s  c l e a r  t h a t  any d e f i n i t e  

c o n c l u s i o n s  a r e  p r e m a t u r e .  However, i t  seems l i k e l y  t h a t  t h e  waves 

a r e  s p a t i a l l y  l i m i t e d  and t h a t  c l o s e  conjugacy  between t h e  ground 

and t h e  s a t e l  1  i  t e  a r e  r e q u i r e d  b e f o r e  sirnu1 t a n e o u s  o b s e r v a t i o n s  

a r e  p o s s i b l e .  

3 .  Suppor t  of Other  P r o j e c t s  - 

A .  F i e l d  Al igned C u r r e n t s .  During t h e  p a s t  y e a r  we have 

c o n t i n u e d  o u r  s t u d y  of f i e l d  a l i g n e d  c u r r e n t s  us ing  t h e  ATS-1 d a t a  

i n  c o n j u n c t i o n  wi th  ground d a t a .  Major s u p p o r t  f o r  pe r sonne l  o n  . 

t h i s  a s p e c t  of o u r  work i s  d e r i v e d  from an O N R  c o n t r a c t ,  however,  

c o r r e c t e d  d a t a  used i n  t h i s  p r o j e c t  a r e  a  r e s u l t  of work performed 
.. - - - .  . . 

r ) t ~  I rIF-' I V H ~ H  u r ' c l ~ ~  L U ~ ~ L I  I u r u  tier c I 1 1 .  

I n i t i a l  r e s u l t s  were p r e s e n t e d  a t  t h e  A p r i l ,  1971 meet ing  of 

t h e  American Geophys ica l  Union i n  Washington,  D . C . ,  by Horning e t  

a l .  ( 1 9 7 1 ) .  F u r t h e r  w o r k  i s  d e s c r i b e d  i n  a  m a n u s c r i p t  under  

p r e p a r a t i o n .  B r i e f l y ,  t h i s  work s t u d i e s  t h e  s i m u l t a n e o u s  changes 

i n  t h e  H component a t  ATS-1 and i t s  s u b s a t e l l i t e  p o i n t ,  Honolu lu ,  

d u r i n g  subs torm e x p a n s i o n s .  We f i n d  t h a t  Honolulu and ATS b o t h  

observed  t h e  same v a r i a t i o n s  i n  H ,  an i n c r e a s e  n e a r  midn igh t  and 

a  d e c r e a s e  d u r i n g  dusk .  The s i m u l t a n e o u s  v a r i a t i o n s  can on ly  be 

under s tood  i n  te rms of two d i s t i n c t  f i e l d  a l i g n e d  c u r r e n t  sys tems 

f l o w i n g  on f i e l d  l i n e s  o u t s i d e  ATS-1. The f i r s t  s y s t e m ,  c e n t e r e d  

i n  t h e  predawn s e c t o r ,  may be viewed a s  a  c o l l a s p e  of t h e  n e a r - t a i l  

c u r r e n t  sys tem by d i v e r t i n g  t h i s  c u r r e n t  through t h e  au ro ra7  iono-  

s p h e r e  a s  t h e  westward a u r o r a l  e l e c t r o j e t .  The second sys tem i s  
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c e n t e r e d  n e a r  dusk and a p p e a r s  t o  be a  s i m i l a r  c l o s u r e  of t h e  

p a r t i a l  r i n g  c u r r e n t  v i a  f i e l d  a l i g n e d  c u r r e n t s  through t h e  iono-  

s p h e r e  a s  an eas tward  a u r o r a 1  e l e c t r o j e t .  

B .  M u l t i - S a t e l l i t e  C o r r e l a t i o n s .  C o r r e c t e d  ATS-1 

magnetometer  d a t a  have been used i n  a  m u l t i - f a c e t e d  s t u d y  of t h e  

subs to rm s e q u e n c e .  T h i s  s t u d y  shows t h a t  t h e  sequence  of e v e n t s  

t h o u g h t  t o  o c c u r  on a  b a s i s  of d i s p a r a t e  o b s e r v a t i o n s  of d i f f e r e n t  

e v e n t s  by d i f f e r e n t  i n v e s t i g a t o r s  a c t u a l l y  h o l d s  f o r  a  s i n g l e  sub-  

s to rm e v e n t .  These r e s u l t s  a r e  i n  agreement  wi th  c u r r e n t  s p e c u l a -  

t i o n  a b o u t  t h e  c a u s e  of magne tospher i c  s u b s t o r m s .  T h i s  s p e c u l a t i o n  

s u g g e s t s  t h a t  southward  i n t e r p l a n e t a r y  magne t i c  f i e l d s  c a u s e  merging 

of  f i e l d  l i n e s  on t h e  d a y s i d e  of t h e  magnetopause and consequen t  

~ r n c i n n  n f  f l r ~ x  f r n m  t h e  d a v s i d e .  T h i s  f l i ~ x  i s  t r a n s n o r t e d  h v  t h e  

s o l a r  wind and added t o  t h e  geomagnet ic  t a i l .  The reduced  c r o s s  

s e c t i o n  of t h e  d a y s i d e  i n c r e a s e s  t h e  a n g l e  of a t t a c k  of t h e  s o l a r  

wind on t h e  magnetopause boundary .  The r e s u l t i n g  i n c r e a s e  i n  

normal s t r e s s  r educes  t h e  c r o s s  s e c t i o n  of t h e  nea r  t a i l  d e s p i t e  t h e  

f a c t  t h a t  i t  c o n t a i n s  g r e a t e r  magne t i c  f l u x .  As a  consequence ,  t h e r e  

i s  a  l a r g e  i n c r e a s e  i n  t h e  magnitude of t h e  n e a r  t a i l  f i e l d .  S imul-  

t a n e o u s l y ,  t h e  plasma s h e e t  n e a r  t h e  e a r t h  t h i n s  and i t s  i n n e r  edge 

approaches  t h e  e a r t h .  

T h i s  sequence  of e v e n t s  c o n s t i t u t e s  what we have c a l l e d  t h e  

growth phase  of magne tospher i c  s u b s t o r m s .  A d e t a i l e d  p r e s e n t a t i o n  

of t h e s e  r e s u l t s  i s  g iven  i n  a  sequence  of  n i n e  p a p e r s  s u b m i t t e d  

f o r  p u b l i c a t i o n  i n  t h e  J o u r n a l  of Geophys ica l  Research  ( s e e  n i n e  

r e f e r e n c e s  under  McPherron e t  a l . ,  1972 , g e n e r a l  t i t l e :  S a t e l l i t e  

S t u d i e s  e f  Magne tospher i c  Substorms on August 1 5 ,  1 9 5 8 ) .  These 



A - 4 3  

e x p e r i m e n t a l  o b s e r v a t i o n s  i n  c o n j u n c t i o n  w i t h  numerous o t h e r  r e -  

p o r t s  i n  t h e  r e c e n t  l i t e r a t u r e  fo rm t h e  b a s i s  of  a  q u a n t i t a t i v e  

t h e o r y  o f  t h e  s u b s t o r m  growth  p h a s e  worked o u t  r e c e n t l y  by C o r o n i t i  

and Kennel ( 1 9 7 1 ) .  
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F i g u r e  C a p t i o n s  

1 .  P e r c e n t  d a t a  r e c o v e r e d  from U C L A  magnetometer on A T S - 1  

s i n c e  launch i n  December, 1966.  ( R e f e r  t o  Tab le  1.) 

2 .  Example showing measured magnet ic  f i e l d  d u r i n g  e c l i p s e  

of ATS-1. The Z a x i s  i s  p a r a l l e l  t o  t h e  s a t e l l i t e  s p i n  a x i s ,  

t h e  sun v e c t o r  l i e s  i n  t h e  X - Z  p l a n e  and Y comple tes  t h e  o r t h o g o n a l  

sys t em.  

3 .  R igh t  panel  shows u n c o r r e c t e d  magnet ic  f i e l d  measurements 

i n  X ,  Y ,  Z c o o r d i n a t e  s y s t e m ,  d e f i n e d  f o r  F i g u r e  2 .  L e f t  panel  

shows t h e  same d a t a  a f t e r  a u t o m a t i c  c o r r e c t i o n  and t r a n s f o r m a t i o n  

t o  t h e  d i p o l e  V D H  c o o r d i n a t e  sys t em.  In t h e  V D H  sys tem H i s  a n t i -  

p a r a l l e l  t o  t h e  e a r t h ' s  magnet ic  d i p o l e  a x i s .  V i s  r a d i a l l y  o u t -  

ward i n  t h e  magne t i c  e q u a t o r l a :  p l a n s  a n d  S az?muth2l  e a s t w a r d s .  

4 .  P l o t  of 2-112 minute  s v e r a g e s  of A T S - 1  magne t i c  f i e l d  

produced by a u t o m a t i c  c o r r e c t i o n  p r o c e d u r e .  

5 .  High t ime r e s o l u t i o n  p l o t  of ATS-1 magnet ic  f i e l d  measure-  

ments .  The a m p l i t u d e  s c a l e  i s  5 y / d i v i s i o n  and t h e  t ime s c a l e  

5 .12  s e c o n d s / d i v i s i o n .  S u c c e s s i v e  p l o t t e d  p o i n t s  a r e  0 .32  second 

a v e r a g e s .  T e x t u a l  m a t e r i a l  a t  t h e  l e f t  i n c l u d e s  t ime i n  t h e  

form HHMMSS.S and 1 . 2 8  second a v e r a g e s  of t h e  measured f i e l d  CI - - - 

components i n  gamma. 

6 .  R e s u l t s  of c r o s s  s p e c t r a l  a n a l y s i s  of 0 .32  t ime r e s o l u -  

t i o n  magnet ic  f i e l d  d a t a .  The o r i g i n a l  t ime s e r i e s  has been 

d i f f e r e n c e d  and a l l  gaps and s p i k e s  s e t  t o  z e r o .  S p e c t r a l  l i n e s  

a r e  due t o  a  ramp f u n c t i o n  i n t e r f e r e n c e  s i g n a l  c o n t a i n i n g  a l l  

harmonics  of t h e  5 .12  second t e l e m e t r y  r a t e .  

7 .  R e s u l t s  of e i g e n  and coherency a n a l y s i s  of s p e c t r a l  



2 

m a t r i x .  S p e c t r a  have been r e c o l o r e d  f o r  t h e  e f f e c t s  o f  t h e  

f i r s t  d i f f e r e n c e  o p e r a t o r .  Note narrow band width  and h i g h  

p o l a r i z a t i o n  of spec t r a1  l i n e s  due t o  i n t e r f e r e n c e  s i g n a l .  

8 .  Eigen and coherency  a n a l y s i s  of u n u s u a l l y  narrow band 

w i d t h  s i g n a l  a t  low f r e q u e n c i e s .  A sequence  o f  harmonic s p e c t r a l  

l i n e s  i s  due t o  a 1 6 t e l e m e t r y  sequence  ramp f u n c t i o n  ( . 0 1 2 2  H z ) .  









VDH DIPOLE 2.5 MIN AVE UNIVERSAL T I M E  
09/2 1 /7  1 

F i g u r e  4 







cd i r  
-!All>; 7" 

,\c- a w -  
n<& 

x w  





L i s t  of Ta'bles 

1 .  Tab le  l i s t i n g  d a t a  r e c o v e r e d  from U C L A  magnetometer  on 

ATS--1 s i n c e  t ime of  l a u n c h .  Major e v e n t s  i n  t h e  h i s t o r y  o f  t h e  

s p a c e c r a f t  a r e  i n d i c a t e d  under  r emarks .  

2 .  C o r r e c t i o n  v e c t o r  f o r  s p a c e c r a f t  f i e l d  i n  e c l i p s e  z e r o  

modes a t  t h r e e  s u c c e s s i v e  e q u i n o x e s .  An e c l i p s e  mode i s  d e f i n e d  

a s  t h e  s t a t e  of t h e  s p a c e c r a f t  a t  t h e  t ime of e c l i p s e .  A z e r o  

mode i s  d e f i n e d  a s  a  s t a t e  i n  which a  minimum number of sub-  

s y s  tems i s  o p e r a t i  n g  . 
3 .  Segment of t h e  l i s t i n g  of t h e  ATS-I s p a c e c r a f t  s t a t e  

v e c t o r  i n c l u d i n g  t h e  i n t e r v a l  of t ime  d i s p l a y e d  i n  F i g u r e  2 .  

The t h r e e  r i g h t  most columns a r e  t h e  components of t h e  c o r r e c t i o n  

t r n c t n r  f n r  t h p  i n t - i r z f n t -  c t a f o  T h n  c r r r n h n l c  222'2 2 i n j i c l i - n  a n  
d 

unknown c o r r e c t i o n .  

4 .  L i s t  of  o c t a l  commands s e n t  t o  ATS-1  d u r i n g  1967 and 1966. 

A b r i e f  i n t e r p r e t a t i o n  of t h i s  command i s  g iven  i n  second columns.  

5 .  I n t e r p r e t a t i o n  of ATS-1 s t a t e  v e c t o r .  The s t a t e  v e c t o r  

i s  broken i n t o  t h r e e  words o f  e i g h t  c h a r a c t e r s  e a c h .  Each c h a r -  

a c t e r  i s  i n  hexadec ima l .  

6 .  L i s t i n g  of ATS-1 s t a t e s  d u r i n g  1967 and then  1968. During 

each y e a r  t h e  s t a t e s  a r e  o r d e r e d  by d e c r e a s i n g  t o t a l  d u r a t i o n .  

7 .  Format of c o r r e c t e d  d a t a  t a p e s .  



T a b l e  1  

ATS-.l R e c e i v e d  Data  C.overage,  Monthly  
( E s t i m a t e s )  

Yr Mo - 
1966  Dec.  
1967  J a n .  

Feb .  
Mar. 
Apr.  
May 
J u n .  
J u l .  
B u g .  
S e p t .  
O c t .  
Nov. 
Dec. 

1 9 6 8  J a n .  
f e b ,  
Mar. 
Apr .  
May 
J u n .  
l . . l  - -  . 

Aug. 
S e p t .  
O c t .  
Nov. 
Dec. 

1969  J a n .  
Feb.  
Mar. 
Apr .  

/ May 
J u n .  

' ' J u l .  
Aug. 
S e p t .  
O c t .  
Nov. 

1970  

Mar. 
Apr .  

J u n  .d 
J u l .  
A u g .  
S e p t .  
O c t .  
Nov. 
Dec. 

Reniarks 
,- 

Data  s t a r t s  Dec. 9 ,  s p o r a d i c  u n t i l  2 4 t h ,  

U C L A  O F F  s t a r g i n g  Augus t  2 3  
U C L A  O F F  a l l  month 
U C L A  O F F  u n t i l  O c t .  8 

No d a t a  Dec. 1 9  thru  2 7 ,  and 3 0 ,  31 
U s u a l l y  O F F  1400 -2200 ,  RSST O F F  s t a r t i n g  2 4  
U s u a l l y  O F F  1400--2200, RSST O F F  a11 month 
RSST O F F  t o  9 t h ,  O N  1 0 t h  t o  2 7 s t ;  U C L A  O F F  2 1  
U C L A  O F F  a l l  month 
U C L A  O F F  t o  1 0 t h ;  O N  11 t o  2 5 ,  O F F  f rom 26 
No d a t a  1400  - 2400 e v e r y  d a y ;  RSST & U C L A  O N  
No d a t a  f rom 1 5 t h  t o  2 8 t h  

No d a t a  f rom 1 4 t h  t o  2 8 t h  
RSST O F F  Nov. 2 ;  p r o c e s s i n g  h a l t e d  

U n p r o c e s s e d ;  can  o n l y  e s t i m a t e  c o v e r a g e  
by l o o k i n g  a t  D E C O M  l i s t i n g s ;  Goddard 
s t i l l  s e n d i n g  t a p e s  f o r  t h i s  p e r i o d .  

Goddard may have d a t a ;  s t a t u s  u n c l e a r .  

NOAA B o u l d e r  Coverage  



1 9 7 1  J a n .  
F e b .  
M a r .  
A p r ,  

J u n .  

Remarks 



T a b l e  2 

C o r r e c t i o n  V e c t o r  f o r  S p a c e c r a f t  F i e l d  
C o m p a r i s o n  o f  E c l i p s e  Z e r o  Modes  

S p r i n g  1 9 6 7  F a l l  1 9 6 7  S p r i n g  1 9 6 8  
C X  ' 1 1 . 1 2 1  9 . 6 2 1  9 . 4 2 1  
C Y  2 2 . 8 2 1  2 2 . 3 + 1  2 2 . 7 2 1  
C Z  8 2 t 7  8 9 2 8  9 0 t 6  



I 3 
DATE = 67 078 HAR 19 ATS STATE LISTING )'/30/71 PAGE = 1 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - -  . . - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+  

13ICROUAVE SYSTEMtl 1 OFF I YEAR CAY PTH DY HH:Rfl:SS I 
1 MICHCUAVE SYSTEHa 1 I F30MHV ! 67 077 R A R  18 23:29:20 I 
I MICROU4VE FOPER 1 PSDS Pee4 PEE2 I COY <--CCflMANC IXTEHPHETA'IIGN--> 1 
1 VHF REGULATORS 1 OFF I 254 BSSCC SCUTH FRAnE CVERRILE 1 
ISPIX SCAX CLCUD CLCUD CAMERAlNORM I fiRICHClff 1 #MICR02# 1 ,4VS'I1fZEE I 
ITELEEETRY ITM#l '?CIA3 TWS2 TF#4 EHe3 ENC2 €e4-S!tlz?-l 100000OO~Y52400C5~50294C7F I 
1 EME POWER SUPPLY 1 PREG RLYl Rtf2 PSUP I <-FLAG-> X X A X . X  YYYY.Y ZLZZ.2 I 
1 EhE EXPERIEENTS IUCLA RICE AERO SOLA MINN MNAG BTLB I 00000001 11.6 15.8 118.9 I 
+----------------------------*------------------------------------- . . --*----------------------------------------------------------+ 

t!F:t?R:SS CCl <--COPMANE INTERPRETATION--> #flICROl%]ffNICR02Y~VHFISj:C #MICRCl#lfiNICRO2#IE!VSTTEEP <-FLAG-> XXXX.X YYYY.Y ZZZ2.Z 
01:10:20 133 6SSCC RFSULATOR OFF OFF IF30NHV IOFFIC7' 10CC0C00(952400C5~5C094C7F 00000001 11.5 18.1 114.6 
01:10:50 270 42 MICRC FT ROCE ON OFF IF30NHV IOFFJC7' 10000000~C52400C5~5C094D7F 00000007 11.5 18.1 114.6 
01:58: 35 374 92 MICRC OFF OFF 1 OFF IOFFIC7 100C0C0C14000000015C094D7F 00000001 9.4 22.7 90.0 
#1:59:00 376 RVHF REGULATOR 1 CN OFF !OFF 11 C ?  10000000~4000C000~5209qc7F FFFfFFFF 3333.3 3333.3 3333.3 
01:59:30 251 XVHP REGULATOR 2 CN OFF 1 OFF ll&2(C7: l C C C O C C O I 0 O C C C C O 0 ) 5 3 C ? 4 D 7 F  OOCOCOOl 14.3 10.8 138.3 
01:59:55 275 XVHF b/F GENERATOR 2 CN/OFF OFF 1 OFF /1&21C?: 100000CCJ4OOOOC00~53C94D7F 00000CO1 14.3 10.8 138.3 
02:25:U5 302 %VHF HEGULATOR 1 OFF OFF 1 OFF I 21CF7 1CCC0000)4C000000~51094D7F FFFE'FFFF 3333.3 3333.3 3333.3 
02:27:05 U27 RYHF REGULATOR 2 CFF OFF 1 CFF ICFFIC?? 10COCC00~40000000~50094D7F 00000001 9.4 22.7 90.0 
02:27:30 275 %VHF W/F GEHERATOH 2 CN/OFF OFF 1 CFF IOFFICF: 100COC00~000000C0~50094D7F 00000001 9.4 22.7 90.0 
02:27:55 164 62 MICRO TWT 3 FIL ON OFF 1r3 ICFFICF' 100CCCCCIO444COCCI5C094D7F FFFFFFFP 3333.3 3333.3 3333.3 
02:28:20 232 %2 ETCRO TXT 4 FIL OV OFF IF3F4 IOFF\CF7 100CCCC0~4644U600/50074C7F FFFFFFFF 3333.3 3333.3 3333.3 
02:28:50 336 C2 KICRO M A  MODE ON OFF IF3F4OM J O F F ~ C P ~ O C C O O C O ~ A 6 4 4 4 6 0 0 ~ 5 0 0 9 4 D 7 F  FFFFFFFF 3333.3 3333.3 3333.3 
02:32:20 126 12 BICRC TVT HY ON OFF IF3E40NHVIOFPICF7 1 0 0 O O C C ~ ~ A 7 4 4 4 6 A 7 ~ 5 C 0 9 4 C 7 F  OOOCCOOl 12.6 15.7 125.4 
03:04:25 270 P2 RICPC FT fiOCE CN OFF IF3F40NHVIOFEICFa 1000CCCOJC74U46A715CO94D7F 00000001 12.6 15.7 125.4 
03: 18:30 370 t2 MICRO OFF OFF 1 OFF IOFFICE" lCOOO000;400CCOOC15OO94D7F OOC00001 9.0 22.7 90.0 
03:18:55 154 $2 EICRC TWT 3 FIL ON OFF ! F3 IOFFlCP* l C O C 0 0 0 0 ~ 4 4 ~ 4 C O O C ~ 5 0 0 9 4 C 7 F  YFhFFFFF 3333.3 3333.3 3333.3 
03:19:20 270 62 EHCRO FT NODE ON OFF IF308 IOFEICFT 100COCCOIC404COCC15C094E7F FFFFFFEY 3333.3 3333.3 3733.3 
03:22:55 126 62 WXCRC TKT HV CM OFF IF30NHV IOFFICF7 lCCCCC001C54400CS15CC94D7F CCCCCOOl 11.5 1b.l 114.6 
03:23:20 232 X2 RICRC TWT U FIL ON OFF IF30AHVF410PF(CF7 lOOOCCCO(C7Q4C7C5j50034D7F FFFFFFFF 3333.3 3333.3 3333.3 
03:27:10 374 $2 MICRC CFF OFF IOFF JOPFlTP2 lCOCCOC0140000CCO[5CC94D7F OOOOOOOl 9.0 22.7 90.0 
01:27:30 232 82 MICRC TUT 0 PIL ON OFF I ~4 lOPFI(F: 100COC00~42004200(5C094D7F FFFFFFFF 3333.3 3333.3 3333.3 
Q3:28:00 270 82 MICRC FT MOEE CN OFF IF40:4 IOFFICF7 100COC00~C20042C0~5CC94C7F FFFFFFFP 3333.3 3333.3 3333.3 
03:31:30 126 $2 BICRC TUT A V  CN OFF I F4CNMV iOFFJCF7 lOCCOC001C30042C315009437P FIFFFFFF 3333.3 3333.3 3333.3 
03:31:55 164 $2 MICHC TiT 3 FIL ON OFF lF4CP:HYF3I0,FFiC8F; lOC00COOIC7C742C315CO?~iD7P FFFPFFFF 3333.3 3333.3 3333.3 
03:35:35 374 92 MlCRC CFF OFF IOFF (OFFICF; ~ 0 C C O C O C l Q O O C C O C C 1 5 0 0 9 4 G 7 F  00C00001 9.4 22.7 90.0 
03:36:00 164 12 EICRO TLT 3 FIL ON OFF I ~3 I OFF1 CIFE 'iC000000~44b40000~50094C7F FFFFFFFF 3333.3 3333.3 3333.3 
U3:36:30 232 $2 FIICRC TwT 4 FIL ON OFF IF3F4 I O F F J ( F ~ C C C 0 0 0 0 ~ 4 6 4 4 4 6 C C I S C C 9 4 E 7 F  PEFFFFFF 3333.3 3333.3 3333.3 
03:36:55 270 $ 2  3ICRC F'r MODE CN OFF IF3F40N IOFFICF! lOCCOC001C64446CC)5CC94D7F FFFFPFBF 3333.3 3333.3 3333.3 
03:40:00 126 P2 8ICRO TbT HV ON OFF IF~F~O%KVIOFFI(IF? IOCCOCCO(C74446C7(5CC94D7F OOCOCCOl 12.6 95.7 125.4 
03:40:45 066 3ENE SOLAR CELL NALT/RESET OFF IP3FbCNWV IOFFIC FP 1 0 0 C O C O O ~ C 7 ~ ~ ~ ~ 4 6 C 7 ~ 5 0 0 ? ~ C 7 F  OOCOOOOl 12.6 15.7 125.4 
CQ:Of:20 336 C2 MICRC M A  MOCE ON OFF / F3FbONHV IOFFI( FF 100CCCC01A7444hC715CC94D7F  OOCOCOOl 12.6 15.7 125.4 
04:53:30 374 n2 nrcnc OFF OFF i OFF IOFFJ(PF ~ o ~ ~ o o o o ~ ~ o o o o ~ o o ~ ~ ~ 0 ~ ~ 1 ~ ~ ~  OOCOCOOI 9.4 22.7 90.0 
04:54: 15 336 @2 MICRO $ A  COCE ON OFF 1 ON JOIFIIF? l C C C C 0 0 0 j h 0 C C O O C 0 ~ 5 0 0 9 4 I ! 7 F  EFFZFFFF 3333.3 3333.3 3333.3 
04:50:45 1bS P2 MICRO TUT 3 FIL ON OFF lOSF3 IOFF((FF 1COOCC00~h4A40000~50094D7F COOCOO01 10.0 21.5 102.4 
O4:58:45 126 e2 HICRO TWT HV O N  OFF 10UF3HV IOFFI(FP 1 0 0 0 O C O C ~ A S h 4 0 O A 5 ~ 5 C C 9 Q D 7 F  OCCCC001 11.7 18.1 116.3 
04:59: 15 232 @ 2  MICRO TWT 4 FIL CA OFF IONF3HVF410FFI(FF l O C C O C O O I A 7 A 4 A 7 R 5 ~ 5 0 O 9 4 C 7 F  FFFiFFFF 3333.3 3333.3 3333.3 
05:03:35 374 82 flICRC OFF OFF 1 OFF IOFFICFF 1CCCCCOC)20000000)50094C7F 00C00001 9.4 22.7 90.0 
05:04:00 336 * 2  BICRO R A  MCDE ct4 OFF I on /OFF[( FF 1 C O C O C 0 0 ~ A C O O O O C 0 ~ 5 0 0 9 ~ E 7 F  FF2EFfFF 3333.3 3333.3 3333.3 
05:04:25 232 $2 f l I C R C  TKT 4 PIL OY CPP lO8F4 IC'7PfC FF 7 0 C O 9 0 0 C 1 A 2 0 0 A 2 C C 1 5 O C ' 3 ~ C 7 F  FPFFFFFF 3333.7 2333.3 3333.3 
C5:08:25 726 R2 MICRC TWT HV ON OFF lOHF4HV ]OFF! ( F 7  1 0 O C O C O C ~ A 3 0 0 b P A 3 ~ 5 C C 9 h E i F  F F E E F F F P  3333.3 3333.3 3333-3 
05:09:15 164 82 RICRC TWT 3 FXL OH OFF JOMF4HYE310FF](DF ?00rCCOO/A7A7A213150024C7F F E F E F t k k  3333.3 3323.3 3333.3 
05:13:40 37b 92 RICRO OFF OFF g CFF lOFFl(FP 100GCCC0~2000C000~5009~C7F OOCOOOO1 9.4 22.7 00.0 
05:44:05 270 #2 MSCRC FT HOCE CN OFF 1 O H  IOfFltFF l C O C O O C O ] C O C O C O O C ~ 5 O C ' 3 4 C 7 F  iFTkFFPE 3333.3 3333.3 3333.3 
05: 1~:30 164 #2 RICRC TUT 3 FIL OW CPP IOHF3 i0HF E F  10000000 1C4CUOCOC 15C09ldC7F OOC~COOl 10.0 21.5 102,4 
05:18:3C 126 8 2  M I C h G  ThT HV ON OFF IOWF3HY ICFEI( F F  lCCCCCCO/C5CQCOC515CC9W COCOCC07 71.7 1 8 - 1  716.3 
05:08:30 06C $ 2  JPCRC WBD EODE ON OFF 1CXP38V 10Er'l(PF 1 0 0 0 0 0 0 0 ~ 9 5 C Q O O C E ; ~ 5 C C ? ~ d C 7 F  OOOCOOCl 21.7 18.1 11b.3 
OH:08:55 006 SSSCC REGULATOR OPI OFF jOh'F3HV [OFF/ 1 C R i ?  lOCCOO00195Cbs00C5j 5029507F OOOCOOOl 1 3  3 16.7 120.9 
0P:09:20 066 2EKE SOLAR CELL HAL%/RESET OFF IOWE3KV ICFF12 CBi"IOGCOC00)95C400~5j 50294D7F OCCCCOOI i3.3 16,7 120.9 
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IfiICROWAVE SISTEtf11 1 OFF I YEAR CAY BTH DY HH:CR:SS 
I CNF3HV 

I 
JUICROUAVE SYSTEl4tl I 67 C78 CAR 19 08:09:20 
IWfCROMAVE POWER 1 PSDS Pee+ PDE2 I con <--CCNNAND INTERPRETATICN--> 

I 

) VHF REGULATORS 1 OFF 1 066 $EKE SOLAR CELL HALT/IESET I 
I 

[SPIN SCAN CLOUD CLOUC CAMERAINORPI 1 CHICRC11~1CICR028~HVSTTEEE 
1 TELEU ETRY 

I 
lTM# 1 9*+3 ' P f f c ) f  TB#U t % € 4  BNC2 €09-S(!f 2- ( 10000000~95C400C5~502YUD7F 

)ERE POWER SUPPLY 
1 

JPREG RLY 1 *sf2 PSUP I <-FLAG-> X X X X . X  YYYY.Y ZZZZ.2 
IEAE EYPERIKEHTS JUCLA RICE AERO SOLA MINN BNAG BTLB 1 00000001 13.3 16.7 120.9 1 

1 
+-"---"----'-"--------------+-----------------------------------.-.--+--------------------------------------------------------+ 
HA:C#:SS CON <--COf'tCANC INTERPRETATION--> ~MICRO1YI~flICRO2#~VHFIS~(~C IMICRO1I1#AICR02U(nVSTTEEE <-FLAG-> X X X X . X  YYYY.Y Z2ZZ.Z 
08:10:30 020 -~ISC ACCUMULATOR SELECT A OFF IONP3HY JOFFIN)I!H 10000COOl95CUOOC5l50294D7F 00CC0001 13.3 16.7 120.9 
08:23:00 254 $SSCC SOUTH FRAGE OVERRIDE CFF IONF3HV IOFF(N)ifM 1GOCOCC0(95C400C5~5029UD7F OCOCOOOl 13.3 16.7 120.9 
08:34:50 133 SSSCC REGULATOR OFF OFF IONF3HV )OFPI C?J1 1 O O C C 0 0 O ~ 9 5 C U O O C 5 ~ 5 O C 9 4 C 7 r  CCOCCCOl 11.7 18.1 116.3 

OFF ~ ~ ~ 2 5 ~ 2 9 , 2 1 1 ~ ~ I & , S C O ~ 1 1 , O r J r J ~ W L ~ ~ , O , N ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l 9 f l ~ I 3 H Y : Y : Y : 1 O ~ r J I , O ~ ~ ~ ~ ~ ~ ~ 2 O C i I ! C O ~ 2 I ~ ~ O O C S l ~ O ~ 2 k C ~ I : ~ O _ O C C 4 O ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ : ~  
08:41:55 131 t2 MICRC WED NOCE SELECT OFF IONF3HV IOFFIC?' 100CCC00~95C400C5~50096D7F OCOOOOOl 11.7 18.1 116.3 
09:20:00 103 3EME ECLIPSE UCDE ON OFF IONF3HV IOFF/O?7 10CCCC00)95C400C5150096D7F OCOC0001 11.7 18.1 116.3 
10:48:30 224 3EBE ECLIPSE HODE OFF OFF I ONF3HV I OFF 1 C?': 

- 3  

10000C00~95C400C5~5CC96D7F OOCCCCOl 11.7 18.1 116.3 
_ ~ ~ L ~ ~ ~ & ~ ~ ~ - Z T M S G O - J - _ O P E L ~ - G P P - - - -  ----- ,011 ----- lONE1BV--I,OEIl,C 1.i ---- 1OOPCC<)4lQ_5SI!~!!~Il1CP2I!_C1PPO~O~O!~f~f~~lt11~1fli:1~~119:1 
?0:56: 19 37U I2 HICRC OFF OFF 1 OFF ~ O F F ~ C F ~ 0 0 0 0 C 0 0 ~ 1 0 C C 0 0 0 0 ~ 5 0 0 9 4 D 7 F  OCOOOOOl 9.4 22.7 90.0 
10:56:55 376 AYHF REGULATOR 1 ON OFF 1 OFF 1 1  lC?' 1COC0000110000000152094C7F FFFFEFFF 3333.3 3333.3 3333.3 
10:57:30 251 XV3P REGULATOR 2 ON OFF I OFF 11G21CF7 1COCCOC01100CCCC0)53094D7F UOCCOCOl 1 .  10.8 138.3 
10:57:55 275 XVHF W/F GENERATOR 2 CN/OPF OFF 1 OFF il&2(CF7 1COCOO00j10~CCO00j53094C7F OCC00001 14.3 10.6 138.3 
11:59:45 270 12 MICRO FT HODE ON OFF 1 IlEZICF: lCCC00001C0000000~53094D7P FFFFFFFF 3333.3 3333.3 3333.3 
12:00:1~ 164 12 ~ I C R C  T W ~  3 FIL O N  OFF IONF3 I1&2ICF* 100COO00~C4C4COOC~53C94C7F FFFFFFFF 3333.3 3333.3 3333.3 
12:00:45 302 %UHF REGULATOR 1 OFF OFF [ONE3 I 21CF' 100COC001C.4CUOOOC151094C1F PFFtFEFF ?333.3 3333.3 3333.3 
12:01:10 027 XVHF REGULATOR 2 OFF OFF IONF3 IOFFJCF' 1CCCC000~CUC4C0G0~50094C7F 00COC001 10.0 21.5 102.U 
12:01:1+0 375 XVHF Y/F GENERATOR 2 CN/OFF OPF IONF3 IOFFICF7 100GOC0~~C4C4000G~5CC9UC7F OCCOC001 lC.O 21.5 102.4 
12:02:05 066 aE8E SCLAR CELL HALT/HESET OFF IONF3 IOFFICFi 100C0000~CUCUOOCC~50094D7F 00COOCOl 1C.O 21.5 1C2.4 
12:04:15 126 U 2  MICRO TkT iIV ON OFF IOKF3HV IOFFICP? lOCCOC001C5C400C5~5CC94C7F OCOOCCOl 11.7 18.1 116.3 
12:10:50 374 $ 2  BICRC OFF OFF 1 OFF IOFFICF' 10000000~40000000~50094C7E OCOOCOOl 9.4 22.7 90'0 
12:11:15 376 XVHF REGULATOR 1 ON OFF IOFF 1 1  (CF? 10CCOCCO(4OOCCOC0~52094D7F FFFFFFFF 3333.3 3333.3 3333.3 
12:11:40 251 JVHP REGULATOR 2 ON OFF 1 OFF ll&21CF? lCCCCCCOIUCCOOC00153094D7F OCCCCCCl 14.3 10.8 138.3 
52:12:05 275 XVHF W/F GENERATOR 2 CN/OFF OFF J OFF llE21CPt' 10COOC001UOCCOOC0153094C7P OOCCGOOl 14.3 10.8 138.3 
1?:39:10 275 XVHF W/F GENERATOR 2 CN/OFF CFF 1 OFF IlE2ICIFF 100COC0014CCCCCCOJS3C94D7F OOCCCCOl 14.3 10.8 138.3 
13:47:40 302 %VHF HEGULATOR 1 CFF OPF 1 OFF I 21(1F? 10GCOCCO~U0000000~5109407P FFFEFFFF 3333.3 3333.3 3333.3 
13:48:40 027 %VlIF REGULATOR 2 OFF OFF 1 OFF IOFFI(iF? 1OCCOOCO14O0000CO150094C7F 00000001 9 . U  22.7 90.0 
13:49:25 164 12 HICRO TWT 3 FIL ON OFF I F 3  (OFFJCIFP 100CCO00~44440000~5CG94D7F FFFFFFFF 3333.3 3333.3 3333.3 
13:49:50 232 82  ~ ~ T C R C  TWT 4 FIL O N  OFF IF3F4 lOFFEOFP 10000000(464446CO(5CC9UD7F PFFFEFFF 3333.3 3333.3 3333.3 
13:50:15 270 12 BICRC FT MODE ON OFF jF3F40N IOFFI(IFF 100CCC00iCbYU4600150094D7F FFFEFFFF 3333.3 3333.3 3333.3 
13:54:15 126 r2 RICRO TWT HV O N  OFP JF3F40NHVIOFFI(FF lOOCCCCCJC74446C715CC94E7F COCCC001 12.6 15.7 125.4 
1Q:28:25 374 12 BICRC OFF OFF IOPF IOFPJ<FF lCCCCC001UOOC000015009UD7E 00C00001 9.4 22.7 90.0 
14:29:00 16U t2 HICHC TWT 3 FIL ON OFF I F3 IOFFlCFF 1 C C C C C C 0 1 4 U U U O O C O I 5 C 0 9 Y D 7 F  FFFIFFFF 3333.3 3333.3 3333.3 
14:29:30 270 82 MICRO FT MODE ON OFF IF3ON IOFFILFF 1 C C C O C 0 0 ~ C U U 4 0 0 C 0 ~ ~ C C 9 U C 7 F  FFFFFEFF 3333.3 3333.3 3333.3 
14:33:00 126 t P  flXCRC TWT HV ON OFP IF3ONHV (OFFICFF 100C0000~C54400C5]5COY4D7F OOOOOOO1 11.5 1e.l 114.6 
1U:33:30 232 12 BlCRO TWT 4 FIL CN OFF IF30NHVF410FFI(FF lOCCCC001C744C7C5(5CC94D7F FFFFFFFF 3333.3 3333.3 3333.3 
14:37:00 374 #2 BICRO CFF OFF 1 OFF IOFFI(FP 10000C001400COOOC150094D7F OOCOCOOl 9.4 22.7 90.0 
14:37:30 232 02 MfCRO TliT U FIL ON OFF I F4 JOFFJ(FF 100CC000~420042C0150OYUD7F FFFEFFEP 3333.3 3333.3 3333.3 
14:38:00 270 #2 ~ I C R C  FT HODE C N  OFF IFUON IOFFI(FF 10CCOOC0~C2004200;5CC9UD7F FFFFFFFF 3333.3 3333.3 3333.3 
1&:41:30 126 t2 RICRC TYT HV CN OFF (FUONHV JOFFI(FF 10OCOC001C30042C3150094D7P EEFEFFFF 3333.3 3333.7 3333.3 
14:42:00 164 62 NICRO TWT 3 FIL ON OFF IF4ONHVF31oFF((FF lCOCOCOO1C7C742C3(50094D7FFFFFFFFF 3313.3 3333.3 3333.3 
14:46:1~ 374 t2 ~ I C R C  OFF OFF ( OFF IOFFI(FF 100COCO0(4CCCCOCC15CO94D7F OCL'CC001 9.4 22.7 90.0 
lQ:49:'00 164 C2 MICRO TWT 3 F1L CN OF P IF3 IOFFIIFF 10000000~444400~0~5C09UD7FFFFIFFFF 3333.3 3333.33333.3 
14:49:30 060 12 RICRO UBD MODE OW OFF 1P3ON IOFF((FF lCC C O C C C ~ 9 4 4 4 0 O C C ( 5 C O Y U E 7 F  FFFEFFFF 3333.3 3333.3 3333.3 
14:53:00 126 t2 UICRC TYT HY ON OFF IF30NHV (OFF({FP 10OCOC00~95440095~50C94D7F OOCCCOOl 11.5 ld.1 114.6 
14:54:30 270 12 HICitO PT MODE ON OFF IF3ONHV IOFFll FF 100COC00~C5440095(50094C7F 00000001 11.5 16.1 114.6 
14:55:00 232 @2 HXCRO TUT 4 FIL ON OFF ~F~ONHVFUIOFPII FF 10000C00~C'lYUC795~5C099D7F FFFFFFFF 3333.3 3333.3 3333.3 
14:58:35 37U 42 MICRC CFP OFF IOFP IOFFI1 EF 100C0000~40000CCC~ SC1094C7F OOOOOOOl 9.4 22.7 90.0 
44:59:05 232 e 2  HICRC TET 4 FIL O X  CFF I F4 IOFFllfF 1 0 0 C C C C C ~ U 2 0 0 4 2 C 0 ~ 5 0 0 9 U D 7 F F F F Y F F P F 3 3 3 3 . 3  3333.33337.3 





T a b l e  4 

LISTIEG OF I f i T E R i ? R E T A T T C N  O F  ATS OCTAL COP!PIAIJDS 

CON COMKAUD IBTERPRETATIOX CON COk!KAb:3 I IGTERPRETATLOU 
004 $ 2  f 3 T C R O  TUT HV GB 2 7 6  +CRIZCT THRUST 2 Clb 
0 0 2  *T;f PCE E N C C D E R  f O N  2 0 3  +ORTEST :,'XSlS1'0 J E T  EXG 61\1 
0 0 3  >?:TM TRANSfiTTTEB 4 OW,2 CFF 2 0 7  B MICRO PSD OPP 
0 0 4  #4 P I C R O  k C C  RODE SELECT 2 5 0  4 0 R T E U T  FIRE I iADSAL JET 1 
006  $ S S C C  REGULATOR ON 2 5 1  $ 1  6 1 C R O  Mk MOEE O N  
00-1 3 E M E  UCLA OFF 212 *TPi TRA!ISI?ITTCR 2 O R , k  G 3 f  
0 1 3  c O R I E ? ? T  T:~BUST 2 OFF 2 1 7  *:TH SCO 2 OTJ 
046  >yTkj PCP: ESCODXR SELECT W E D 6 3  2 2 4  3EME E C L I P S E  E O D R  BFF 
@ I - ?  - R T S C  AXGLX CEKTER HOCK S Z C T  230 +ORTEG% K U T L T I C > j  SBG OF?' 
0 2 0  -nrsc ACCUMULATOR S E L E C T  A 2 3 2  #2 K I C R O  TLT kb FLL 011 
0 2 %  $ 3  MICRO TbiT 1 F L L  CL? 2 3 3  scPL4 T2!!SET'fR 2 E N C D R  SELECT 
0 2 3  *T!l TRANSP?IT'?ER 2 OFF,q OFF 234 3EBE SOLAR C E L L  Q ? i  
0 2 4  3 X F E  E S P  P C K E R  S U P P L Y  OK X 2 3 5  2 C P I E  EX? U U S  PO>?ER 011 ALT2 
025 "EKE RTL BIAS OFF 2 4 5  li N I C L ~ O  PACE 2 ON, 1 
027 7:VHF REGULATOR 2 OFF 250 *T6 PCPj EGCODEU 1 OFF 
034 %VHF li/F Sii.ITCB 1 ON/O7F 251 SVMF REGULhTOB 2 O M  
0 4 0  *TN SCO 1 G 3  253 $1 MICE9 OFF 
0 4 6  G!EP1lE 9 1 C E  CN 254 SSSCC SCUYH FERPIE C V E R R I C E  
051 +ORTERT TERUST 1 OFF 2 5 5   EKE U I ~ I V  O F  M $ r ? h I  M A G  OF 
0 6 0  f 2  MICRO WE!) H O D E  O H  2 5 6  2 E N E  P,FtHCSPACE ON 
0 6 1  %TN PCM ENCOD3R 2 SELECT 270 $ 2  ~ : T C Y C  YT ~ 1 0 ~ s  O N  
0 6 5  sssce B ~ X - T O - B A C K  S C A X  271 IXTB sco t O N  (rl/r CN) 
0 6 6  3EME S O L R N  C E L L  N B L T / R E S E T  273 + O R I E n T  FLlIE AXIAL J E T  1 
076 & MICRC PACE 1 ON,2 O F F  275 X V ~ ~ F  G / F  G E ~ I E R . L T O R  2 O I ~ / O Y P  
077 atzf; PC[";" ~ ~ n n m n  L,hL,v,,n 2 Grr 73i .F\qrT? L - l r n  n n r l r n  c 7 ' l ? l ~ )  

I U L I I ,  u A L  UL, V L  A T,Y C r  ~l 
l 3 ~ m 7 3  h ' P T T  14' ii U1: A U<I(:L I.' M f ~ ' t ' f ? h ~  I I I n $ s M r  5 i i k  ni; i)*f .x 

- 

1 0 3  2EPlE E C L I P S E  N O C E  O K  309  3 E X B  E T L  BYfiS--OF? ENAaLE 
106 ZcTM PC8 ENCODER SELECT N R D  302 X V H Y  REGULATOR 1 OFF 
1 0 7  -MLSC S O L A R  A R R A Y  UNPAKALLCL 303  aEME EXP P O K E 3  SUPPLY OC 
1 1 0  SEME RIGF OFF 343  4 MICRO PACE 1 OFP,2 OIF 
113  3 E N E  USIV OF M T V N  ON 3 3 5  81 EICR? Tb'T 2 FXL ON 
1 2 0  if EICFO ANTEENA POSITIVE 3 1 6  *<TM SCO 1 OFF,2 OFP 
1 2 4  + C R i E M T  U U T A T I O N  R E G  0 %  324  +OSTEt?T R E S I S T 0  J E T  R E G  OFF 
1 2 5  3 E B E  REGULATOR OFF 330 %VHF B/F SXTTOH 2 OY/OFF 
12G 4i2 E I C R O  THT H V  Ob! 334 - f jLSC SCLAR ARRAY PARALLEL 
527 *TM PCY E E C O D E R  2 0 3  335  + O R T E X T  F I R E  A X I A L  JET 2 
130 3 E E E  EXP BUS POWER ON A L T l  3 3 6  # 2  P!iICRO M A  N O D E  ON 
1 3 1  82 MICRO W B D  MOCE SELECT 3 3 7  :*TN PCM EBCODER T S E L E C T  
133  $SSCC REGULATOR O F F  340  3SSCC YORMkL SCAN 
141 f ELCHC F S C  6 8  3 4 1  3BME U C L A  ON 
3 4 4  *TM T R A N S B I T T E R  3 C N , ?  CFF 3 4 5  +CHIEb :T  THRUST 2 CN 
147 % ?  MICFC FT KODE 05 35f4 *<TE THAMSRITTZR 1 OFF,3 OFF 
1 5 0  f V H F  W/F G E E E R A F O R  1 OM/OFF 355 aEHE RCGULA'FCR O N  
1 5 1  2EME EXP PCEER SUPPLY O F F  X 356 + O R I E V 1  F I R E  R A D I A L  JZT 2 
15% 3EP1E BTL BIAS ON 357 41 HLCRO #BD K O D E  ON 
164 82 M I C R O  TKT 3 FIL ON 369 $SSCC NCRTH r R A M E  OVERRICE 
105 *TM TRNSJITTR 1 ENCDR SELECT 362 3EHE S O L A 3  CELL OFF 
172 3 E E E  U M T i r  CP  M I W U  H A G  OFF 2-74 f 2  E T C R O  OFF 
1 7 3  ?EKE AEROSPACE OFF 375 *TM TSANSRFTTEB 1 ON,3 OFF 
3 7 6  7oVHF B E G G L A T S R  1 63  



T a b l e  5 

S t a t e  D e s c r i p t o r  Words  

Word 9 Word 2  Word 3 

( 1  2 3 4 5 6 7 7  F T . 5 6  7 - 81 LG-456781 

Word 1  = M i c r o  1 ~ u b s y ' s t e m  

1 )  1  WR M O D E ,  MICRO 1 OFF 
2  MA M O D E ,  MICRO 1  OFF 

4 )  4  FT M O D E ,  MICRO 1  OFF 
9 WB M O D E ,  MICRO 1  O N  
A MA M O D E ,  MICRO 1 O N  

C )  C FT M O D E ,  MICRO 1 O N  

2 )  0  A L L  OFF 
1  HIGH VOLTAGE O N  
2  FILAMENT 2 O N  
3 F2 & H V  O N  
4  FILAMENT 1 
r r-l 0 I , , ,  

O N  
J 1 I U I l l  

0 L 1  
V 1 1  

b I- 1 B t -2  U N  
7 F l , F 2 , & H V  O N  

3 )  MICRO 1  M O D E  AFTER F1 TURNED O N  
4 )  MICRO 1 SUBSYSTEMS AFTER F1 TURNED O N  

5 )  MICRO 1 M O D E  AFTER F2 TURNED O N  
6 )  MICRO 1 SUBSYSTEMS AFTER F2 TURNED O N  

7 )  M I C R O  1 M O D E  AFTER H V  TURNED O N  
8 )  MICRO 1 SUBSYSTEMS AFTER HV TURNED O N  

W O R D  2  = MICRO 2 SUBSYSTEM 

1 )  P A L L  OFF 
1  PACE 2  O N  
2  PACE 1  O N  
3 PACE 1 ,  P A C E  2  O N  
4 PSDS O N  
5 PSDS & PACE 2  O N  
6 PSDS & PACE 1  O N  
7 PSDS, PACE 1  & P A C E  2  O N  

2 )  !Z A i i  OFF 
1 VHF 2  OM 
2 VHF 1  O N  
3 VHF 1 & VHF 2 O N  

MICRO SUPPLY 

VHF REGULATORS 



T a b l e  5 ,  C o n t i n u e d  

3 )  pl O F F ,  N O R M A L  S C A N  
1 O F F ,  B A C K - T O - B A C K  S C A N  
2 O N ,  N O R M A L  S C A N  
3 O N ,  B A C K - T O - B A C K  S C A N  

4 )  jJ A L L  O F F  
1 T M  4 O N  
2 T M  2 O N  
4 T M  3 O N  
5 T M  3 & T M  4 O N  
6 T M  2 & T M  3 O N  
8 T M  1 O N  
9 T M  1 & T M  4 O N  
A  T M  1 & T M  2 O N  

5 )  A L L  O F F  
1 S C O  2 O N  
2 S C O  1 O N  
4 E N C  2 O N  
5 E N C  2 & S C O  2 O N  
6 E N C  2 & S C O  1 O N  
Q C r u r  i nl\l - - - - 
Y 3 L V  L C I Y L  I VIY 

A  S C O  1 & E N C l  O N  
B 8+2+1 D = 8 + t t + l  
C  = 8+4 

6 )  pl A L L  O F F  
1 P S U P  

2 R L Y 2  
3 R L Y 2 ,  P S U P  
4 R L Y l  
5 R L Y I ,  P S U P  
6 R L Y 1 ,  R L Y 2  
7 R L Y 1 ,  R L Y 2 ,  P S U P  
8 P R E G  
9 P R E G ,  P S U P  
A P R E G ,  R L Y 2  
B P R E G ,  R L Y 2 ,  P S U P  
C P R E G ,  R L Y l  
D P R E G ,  R L Y l  P S U P  
E P R E G ,  R L Y 1 ,  R L Y 2  
F  P R E G ,  R L Y 1 ,  R L Y 2 ,  P S U P  

7 )  0 O F F  
1 A E R O  
2 R I C E  
3 = 24-1 
4 U C L A  
5 = 4-f: 
6 = 4 + 2  
7 = 43-241 

S S C C  

E M E  P O W E R  

I E M E  E X P E R I M E N T S  
I 

U C L A  
R I C E  
A E R O J E T  



8 )  j?~ OFF 
1  BTLB 
2 M M A G  
3 = 2+1 
4  MINN 
5 = 4-1-1 
6 = 4+2 
7 = 4 + 2 + l  
9 SOLA 

T a b l e  5, C o n t i n u e d  

SOLAR EXPERIMENT 
MINNESOTA 
MINNESOTA M A G N  
B T L B  



b l e  6 



T a b l e  6 ( c o n ' t )  

""*{3377 

'I, "3: 



T a b l e  7  
F o r m a t  o f  ATS L e v e l e d  D a t a  

T h i s  d a t a  w i l l  be  p r i n t e d  on 7 - t r a c k ,  B C D ,  5 5 6  BPI t r a c k s  

w i t h  r e c o r d  l e n g t h  o f  1 3 2  c h a r a c t e r s ,  2 0  r e c o r d s  t o  t h e  b l o c k .  

X C V  
Y C V  
Z C V  

Col umns ~ x a m p  1 e 

F L A G  

0 2 - 0 3  

04.-06 
0 8 - 0 9  
1 0 - 1 1  
1 2 - 1 5  

1 7 - 2 2  
2 3 - 2 8  
2 9 - 3 4  

35 -40  
4? -46  
1-  P *  

-t / - ' 4 L  

WORD 1  
WORD 2 
WORD 3 

E x p l a n a t i o n  
I- 

Year-  1 T ime o f  Mid p o i n t  o f  
a v e r a g e  

6 7  

I V D H  D i p o l e  S y s t e m  

1 
f 

U n c o r r e c t e d  X Y Z  S y s t e m  

Day 
Hour  
P'li n u t e  
S e c o n d  

V 

Level F l a g  

_ S t a t e  V e c t o r  

0 1 4  
1 1  
38 
0 7 . 5  

-6 .8 '  

' V a l u e s  g r e a t e r  t h a n  2 0 0 0 . 0  a r e  f l a g s .  

2Unknown l e v e l s  h a v e  a  f l a g  o f  'FFFFFFFF'  o r  ' E E E E E E E E ' .  

3Unknown s t a t e s  a r e  s e t  t o  z e r o .  

D 
H 

V 
D 
I .  

1 0 . 2  
7 9 . 1  

- 7 . 1 1  
- 5  * 4 
7 rr 

I LA I J 2 . d  


